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DEVELOPMENT 
86/10/17 
- Revi F 


REVISION DEFINITION SHEET 


Original, for CPU Assembler only. 
Revised for comments against REV. As 


Revised to add I0U0 mnemonic instructions, 
several appendicies, and other corrections. 


Revised to correct comments against REV. C. 


Revised to corect grammatical errors, delete 
obsolete pseudo-op GEN from examples, correct 


errors in descriptions of the I0U 
instructions, update titles and update this 
revision page. Since revision D of this 


document was never submitted to OCS the 
revision bars have been generated relative to 
revision C. 


Revised to include vector instructions for 
the Cyber 180-990. Appendix As which 
describes the command parameters, changed to 
include the LIST_OPTIONS parameter. 
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1.90 SCOPE 
1.0 SCOPE 


This document is the external specification for the CYBER 180 
If Assembler. This assembler runs on the CYBER 180 machine in. 
CYBER 180 mode and assembles either CYBER 180 CPU or CYBER 180 
IO0U) code. The object program output of the Assembler is 
compatible with the NOS/VE loader. The II Assembler is the 
language successor to the CI Assembler described in the ARH1693 
ERS document. 


1.1 APPLICABLE. DOCUMENTS 


The following documents reference related material which would 
be of value to the reader. 


* CYBER 180 Mainframe Model Independent GOS (MIGDS), Rev. §$ 
{ARH 1700). 

. CYBER 180 CI CPU Assembler ERS (ARH 1693). 

* NOS/VE Command Interface 

° NOS/VE Program Interface 
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2.0 LANGUAGE STRUCTURE 


A CYBER 180 Assembly language source program consists of a 
sequence of statements which contain symbolic. machine 
instructions, pseudo instructions, and comment lines. With the 
exception of the comment lines, each statement consists of a 
label field, an operation field, argument field(s), and a 
comments Field. Each field is terminated by one or more blank 
characters. The size of the argument field Is restricted by the 
maximum statement size only. Statement format is essentially 
free field, except for the label field which must start in column 
1. 


A statement consists of one or more physical lines of data. A 
line may be up to 255 characters long and the Assembler will 
print the entire line at the rate of 88 characters per print 
line. Assembler will only examine the first 88 characters of a 
line. Information after column 88 is presumed to be comments. 


The language also supports a procedure mechanism with 
parameter capability. Each time the name of the procedure is 
referenced, the body of the procedure will be inserted in the 
code. This will be further explained in the section entitled 
*"Procedures'’. 


201 SIATEMENT 


A statement is an ordered group of fields starting (from left 
to right) with one Label field followed by Operation and Argument 
fields and one Comments field. The number of fields allowed in a 
statement is not limited. The comments field is optional, but 
the other fields must be accounted for by field delimiters. A 
statement may be continued onto more than one line, but no more 
than one statement is allowed per line. 


2e1.1 FIELD 

A Field is a consecutive group of characters starting with a 
non-blank character and terminated by a blank character +5 
end-of-line, or character position 88 of the lines, whichever 
occurs first. 


The only exceptions to this definition are: 


a) Blanks may appear freely in a CHARACTER STRING without 


272. 
COC - ADVANCED SYSTEMS DEVELOPMENT 
B6/10/17 


CYBER 180 If Assemb ler ERS Reve F 


20 LANGUAGE STRUCTURE 
2ele 1 aoe 


causing field termination. 
b) Blanks may appear freely in the COMMENTS field. 


c) If a continuation character %:" is encountered within a field 
which is not a COMMENTS or CHARACTER STRING, the field is 
continued on the next line. 


d) Extra or spurious fields in a statement are not detected = and 
no error is diagnosed. 


2e1.2 SUBFIELD 


A Subfield is a consecutive group of characters starting with 
a non-blank character and terminated by a comma "," or by 
End-Of-Fields whichever occurs first. <A field may have one or 
more subfields. 


The only exceptions to this definition are: 


a) Commas may appear freely in a CHARACTER STRING without 
causing subfield termination. 


b) Commas may appear freely in the COMMENTS field. 


c) If a continuation character "3" js encountered within a 
subfield, the subfield is continued on the next line. 


d) Extra or spurious subfields in a field are not detected = and 
no error is diagnosed. 


221.3 NULL FIELD 


The absence of a field or subfield is automatically detected 
by the Assembler based on the number of fields. An OPERATION 
field must __not.__be._Null and must have as many ARGUMENT fields 
following it as required by its defining pseudo instruction = or 
PROCEDURE, although the number of ARGUMENT fields can be variable 
and depend on some other field. 


The rules for NULL field: 


a) A blank In character position 1 of a line indicates the 
absence of the LABEL field on that line. The next non -blank 
character on the lines excluding comments, iS accepted as 
part of an OPERATION field. 
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2e1- 3 NULL FIELD 
b) An OPERATION field cannot be blank. 


c) Two consecutive commas indicate the presence of a 
subfield. 


a ie am se 


null 


d) Qne comma ",* followed by a blank indicates (as specified) 


end-of-subfield and end-of-field and can be used to del 


imit 


trailing Null subfields. The configuration blank,blank 


indicates a Null field with two Null subfields. 


2.2 COMMENTS 


Comments may start in any column, but are always the 
Field on a lines and end at end of line. All comments must b 


last 


egin 


with a period. Scanning by the Assembler stops when a _ period 


preceded by a blank or a period in column 1 is encountered, 
comments may contain any Ascii character, including charac 


thus 
ters 


that would otherwise have special meaning {e.g-. the semicolon 


which denotes continuation when used outside of comments). 


When a statement is continued to the next Vine, comments 


may 


appear after the continuation character on the line being 


continued. 
2e2e0e1 STATEMENT CONTINUATION 
Normally, column 88 terminates a source statement that has 


otherwise terminated, However, a statement that cannot 
contained itn the first 88 characters can be continued 


not 
be 
on 


successive lines by placing a semi-colon "3" at the continuation 


point. <A statement may only be broken between fields, subfie 
or terms of an expression. A term may not be broken onto 2 1 
(e.g- a Jong character string must fit on one Tine). 

Statement will be continued at the first non-blank characte 


lds» 
ines 

The 
roon 


the next line at or after character position 2. Character 


position 1 of all continuation lines must contain a blank. 
continuation character, if used, must appear at or prior 
character position 88. 


The only exceptions to this definition are: 

a) Semicolons may appear freely in a CHARACTER STRING wit 
causing continuation. This implies that character str 
cannot be continued across statements. 


b) Semicolons may appear freely in a COMMENTS Field wit 
causing continuation. Comments cannot be continued = ac 
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to 
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Statements. 


203 CHARACTER SET 


The Assembler recoqnizes the following, graphic character. 


subset of the NOS/VE ASCII character set as Input? 


Alphabetic A through Z Cupper or lower case) 
$a# 3: 
Numeric 0 through 9 


Special Characters: 


Blank or Space 


Add 

Subtract or Unary Minus 
Multiply 

Divide or Logical NOT 
Equal 


Less Than 

Greater Than 

Logical AND 

Logical Inclusive DR (vertical bar) 
Logical Exclusive OR (double vertical bar) 
Less Than or Equal To 

Greater Than or Equal To 

Not Equal To 

Period or Decimal Point 

Comma 

Left Parenthesis 

Right Parenthesis 

Left Bracket 

Right Bracket 

Apostr ophe 

Continuation 

* Shift 


a, a a ee ee we | ee ee 
Wo Www 


In addition to the characters listed above, the Assembler. 


accepts the following characters as part of program comments 
as part of a Character String: 


"\r 1 2 2 Ef} 


or 


The Assembler distinguishes between upper and tlower case 


characters only when used within character strings enclosed 
quotes. 


by 
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Other ASCII characters appearing before the comment field = are 
diaqnosed as an error. 


204 SYMBOL DEFINITION 


A symbo] is a set of alphabetic or numeric characters that 
identifies a byte address or a value and its associated 
attributes. The symbol! must start with any alphabetic characters 
and the symbol can be a maximum of thirty-one (31) characters 
longs and cannot include any of the spectal characters. The 
colon (3) may not be used as a character [In a user defined 
symbol, it is reserved for language defined names. Symbols are 
defined when they are used in the label fietd of any statement 
(CPU, I0U, or pseudo instruction), except for some pseudo 
Instructions which ignore the Tlabel field and other pseudo 
instructions which use the label field for other purposes. 


EXAMPLES: 


Legal Illiegal 
Symbols Symbols 


p 543 First character must 
be alphabetic. 

R3 ABCDEFGHIJKLMNDOPQRSTUVWXYZ012345 Exceeds 31 characters 

PROGRAM ABE+15 Contains plus sign 


20461 LINKAGE SYMBOLS 


Modules (assembly units) can be linked to other modules 
Cassembly/compilation units) through symbols defined as entry 
points. 


Entry points in the current module are declared with a DEF or 
DEFG pseudo instruction. This allows the entry point to be 
referenced from another module. External entry points can be 
referenced by declaring them with the REF pseudo instruction and 
are treated as relocatable values. 


To link to entry points with different names, a symbol can be 
ALTASed to another symbol. 


2e4e2 SYMBOL ATTRIBUTES 


In addition to the value or byte address associated with a 
symbol, each symbol has symbol attributes. Symbol attributes are 
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various pieces of information about the symbol which describe 
properties of that symbol. Attributes are normally associated 
with a symbol at the time the symbol Is defined. This is an 
automatic process within the Assembler and takes place whenever 
symbol! definition takes place. 


The CYBER 180 Assembler contains six built-in attributes which 
are associated with a symbol. These attributes and = their 
associated mnemonics are: 


Symbol Category SCs 
Address Mode AM; 
Symbol Value VA; 
Length LBi, LC, LW: 
Starting Bit Position SB3 
Symbol Number SN: 


Each attribute is discussed and defined in the section on 
Attribute Functions. A symbol's attributes are always referenced 
using one of the attribute Function mnemonics listed above. This 
reference may not be forward. It is used for retrieval only», and 
has the form: 


attribute _function(symbol) 


The Assembler also permits any symbol to have any number of 
additional programmer defined attributes. These additional 
attributes can be given names and values by the programmer = = and 
can have any meaning desired. The values may not exceed 64 bits. 
The names and values can be altered during the course of the 
program assembly using the ANAME and ATRIB pseudo instructions. 
The ANAME pseudo instruction is used to assign a name to a 
particular attribute. Following that, a symbol can then be 
assigned a value associated with the named attribute. This 
attribute name may then be used in the following manner to 
retrieve the value of the attribute: 


user_defined_attribute_namel[ symbol] 


An attribute name for any of the programmer defined attributes 
will be valid until changed. 
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2.5 REGISTERS 


Register designators symbolically represent the 32 operating 
registers. The designators are inherent to the Assembler and 
cannot be changed during assembly. However, other symbols may be 
equated to them. There is an Assembler defined attribute 
(#reatyp) which defines the type of register a symbol represents. 


Register Type Designator 


Address *An* or a symbol with its #REGTYP attribute 
set to “#AREG*. 


OQperand *Xn* or a symbol with its #REGTYP attribute 
set to “#XREG". 


For the forms An or Xnzy n is a single hex digit from 0 to F. 
Any other value for ny for example H, causes An or Xn to be 
interpreted as a symbol rather than a register designator. 


EXAMPLES: 
Al Designates address register 1 
A1O Interpreted as a symbol, not a register 


2.6 DATA_NOTATION 


Data notation provides a means of entering values for 
calculation, increment counts, operand values, line counts, 
control counter values, text for printing out messages, 
characters for forming symbols, etc. 


The two types of data notation are character and numeric. The 
Assembler allows the user to introduce data In the program In two 
basic wayS. 

As a self defining term 
As a number in numeric data notation 
2.621 SELF DEFINING TERMS 
A Self-Defining Term is a constant whose value is defined by 


its structure. The value of a Self-Defining Term is constant 
throughout the program and its not altered by the relative 
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position of the program in storage. The Assembler uses two 


methods by which a Self-Defining Term can be expressed: 


a) As an unsigned string of binary, octal, decimal, or 
hexadecimal characters, the first character of which must be 
a decimal digit, which has the following format: 


numeric character _string(base) 


Base is optional, but when present it must be enclosed by 
parenthesis. S8ase may only be hexadecimal? (16), decimal (10), 
octal (8), or binary (2). <Any other value for base results in an 
error. The following examples illustrate the numeric notation? 


ALPHAOFF (16) YOFF(16)" 16 a Self-Defining Term 
3¥(NET_PAY) 93" is a Self-Defining Term 


The range of this form of Self-Defining Term must be 
consistent with its use in the programe 

b) As a Generalized Self-Defining Term which has the following 
structure 


symbo!l*character-string* 


where the character string is always enclosed by apostrophes 
and where "symbol" is one of the characters: 


Symbol Iype_of Generalized Self-Defining Term 


c CHARACTER STRING: Constant translated into 8 bit 
ASCII code. The characters can be any of the 
characters in the Assembler character sete* Note 
that a lower case letter will generate a different 
8 bit ASCII code than an upper case character. The 
maximum string length is limited to one line and 
therefor cannot exceed 87 characters. 


Self-defining terms can assume a range of values (e.49. 
precision or storage occupied) depending on their type and usage. 
In all cases however, the Internal representation of a 
self-defining term is an {integral number of bytes. When 
translation from input format to internal representation occurss 
self-defining terms are expanded to the next nearest multiple of 
bytes, provided they do not exceed the maximum defined below. 


A OARS IRD LOE HRD CO ONDE “LEERY NAD SEED 0ONED YOLEN SLI AONE SAE “ALES ANN ONAL AED ONS ATS SOLED LOND HAND SAS “ERED AER EONS AED GAEEND- OND ONS OS OE 


*Two consecutive quote marks in a C character 
string are used to indicate a single quote within the string.» 
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During the expansion process, justification and Filling (where 
reguired) also take place as defined: 


fone ewe nwn wpe we eee eee $onw en n- ~~ pew ee nee eee eee $e eee weno e 
| Tyee of | ME nt ium | Maximum | | 

| Self-Defining | Size { Size 1 ! 

| Term | (Bytes) | (Bytes) | Justification | Filling 
he we ee ee oe no pce eee eee ae mee om po we ee ee , en een mem eee 
| Decimal | B ! B { Right ] ecé 

1 Hexadecimal | 1 | 8 i Right | Zero 

| Octal { 1 | 8 | Right | Zero 

| Binary { 1 I 8 ] Right { Zero 

{ c | 1 fas needed] Left 1 Space 


A self-defining term used as a single term expression can 
assume any of the values described above. When self-defining 
terms are used as part of a multi-term expression however, the 
following additional restrictions apply: 


a) When an address symbol! is used only the byte offset for the 
address is used. Bit offset, if any, and section ordinal are 
discarded. 


b) The size of all numeric terms (decimal, hexadecimal, octal, 
binarys or string will be 8 bytes when arithmetic operations 
are performed. Strings are right justified and truncated or 
zero filled as necessary to be 8 bytes and are treated as 
integer. When an expression contains operators, the result 
is integer. Arithmetic operations are performed using 2's 
complement arithmetic. When the expression contains only one 
term, the result Is that term (which is not converted in 
form). 


20602 NUMERIC DATA NOTATION 


Numeric data can be specified in binary, octal, hexadecimals 
or decimal notation with the INT and DINT pseudo instructions. 
Only decimal notation is available with the FLOAT and OFLOAT 
pseudo instructions. The value is converted to an integer or a 
floating point number in single or double precision. Floating 
point conversion is performed by a CYBER 180 math library 
conversion program. The actual representation of the output data 
is beyond the scope of this document. 
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Formats: 
tunnno- fame ewe fee eee nme + 
Data Item 1 sign ' value ! modifier { 
Se free n een nn + 
sign Optional. 
+ or omitted The value is positive. 
~ The negative value is formed. 
value A series of binary, octal, hex or decimal digits 


modifier 


consisting of an integer (required), optional 
decimal point and optional fraction, or optional 
base. An integer value (fixed point) does not. 
contain a point, but may contain an optional base 
indicator enclosed in parenthesis. The fixed point 
format is thus a numeric, self-defining term with a 
sign preceding. A floating point value is noted by 
the occurrence of the point. If point occurs then 
base may not occur and value is decimal. 


An octal value can be a maximum of 22 octal digits 
and cannot exceed 64 bits of significant data. A 
decimal value cannot exceed $2.2 % 10**1232 in 
absolute value. used ina floating point pseudo 
instruction. Extra significant digits cause a 
diagnostic. A hex value can be a maximum of 16 
digits. If value is omitted, it is assumed to be 
Zeros The actual minimum = or maximum values 
permitted are further limited by the pseudo 
instruction in which the data notation appears. 


Associated with the value is an optional exponent 
modifier. Exponent defines a power of 10 scale 
factor. 


Format is Es, Ens Etne, or En-ne 


When the sign is plus or omitted, the exponent (n) 
is positive. 


When n is omitted, it is assumed to be 0. The 
value of n cannot exceed 32767 and is always a 
decimal integer. 


A fixed point value can have 32-bits or 64-bits of 
precision and a floating point value can be 


2-11 
COC = ADVANCED SYSTEMS DEVELOPMENT 
B6/10/17 
CYBER 6? iT Assembler ERS Rev: F 
220 LANGUAGE STRUCTURE 
26» 2 MME REC DATA NOTATION 


generated [In either single precision (one word) or 
double precision (two words), depending on the 
pseudo instruction. 


The effect of the exponent is to multiply the value 
by 10 decimal raised to the n power or “-n power. 
Limitations of maximum and minimum values) and 
exponents may be found in the appropriate CYBER 180 
math library documents. 


Legal_ Iliegal_ Explanation 


Examples? -21904 Z16E missing base | 
3214159 TFC(I6)E-3 value must be decimal 
1.7E-6 22893 interpreted as comments. 


2+? EXPRESSIONS 


Entries in sub-fields of most source statements are 
interpreted as expressions consisting of a combinartion of one or. 
more terms. A comma or blank terminates the expressions When 
symbolic names appear as terms in expressions the Assembler must 
be able to replace the symbolic name with its associated value. 
The association of a symbolic name with a value is called symbo! 
definition and is described in Section 2.4. An expression in 
which all the symbolic names can be evaluated (which means the 
expression can be reduced to a single value) is said to be an 
Yevaluable expression”. An “absolute evaluable expression” Is an 
expression whose symbolic name terms are all defined in 
statements previous to the current statement. 


2ef7e1 TERMS 
A term represents an evaluation made during the assembly 
process. A value is assigned to a term either by the Assembler 
or the term may be self-defining (as in the case of a constant). 
A term can be a: 


Symbo! that is evaluable 
(One that Assembler can associate mitt a value) 


Self-defining term 
Function reference 


Attributes 
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Register designator 


227.2 ORDER OF EVALUATION 


Expression evaluation normally is determined by the binding 
strength of the operators involved. This can be altered by the 
use of parenthesis. Terms inside of parenthesis are evaluated 


first. Parenthesis can be nested to any depths and will 


be 


evaluated in the order of innermost to outermost. An expression. 
such as INDEX+4 or AD*(9+#PAN), is reduced to a single value as 


follows? 


a) The expression takes on the attributes of the first term 
the expression from left to right. 


in 


b) Each term is given its defined value. When arithmetic 
operations are performed on a term it's internal. 
representation is converted to integer. When strings are 


used as arithmetic terms they are truncated, if necessary, 


or 


right justified with zero fill, if necessary» to occupy 8 


bytes and are treated as an integer. 


c) Arithmetic operations are performed from tleft to right. 
Dperations at the same parenthetical!) level within the highest 


binding strength are performed first. For example: 


VEtVX*AE/AX 
is evaluated as VE#((VX*AE)/AX). 


d) Division always yields a truncated integer result 


and 


division by zero yields a zero result with a generated 


diagnostic. 


The operators processed by the Assembler during expression 


evaluation are? 
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Operators Binding Strength Eunction 

+ 7 Plus (unary) 

- 7 Minus Cunary) 

/ | 7 Logical NOT or Comp lement 

(unary) 

xe 6 Binary Shift (logical) 

* 5 Integer Multiply 

i 5 Integer Divide 

+ 4 Integer Add 

= 4 Integer Subtract 

¢ S Less Than 

> 3 Greater Than 

<= 3 Less Than or Equal 

>= 3 ; Greater Than or Equal 

= 3 Equal 

/= 3 Not Equal 

£ 2 Logical AND 

{ 1 Logical OR 

11 1 Logical Exclusive OR 


NOTE: All operators are binary (i.e... require two operands) 
except the three specifically indicated as unary. These 
require only one operand. 

207.3 THE LOGICAL NOT OPERATOR 


The logical NOT or complement = operator causes a one's 
complement of its operands, based on a length of 64 bits. 


Value Binary Equivalent One'*s_ Complement 
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5 000.2.0191 111..221010 
20724 LOGICAL AND, OR, EXCLUSIVE OR 


The logical AND, OR, and exclusive OR compare two operands "A" 
and "B" as follows: 


tenn te-- en re $om=-—4+ 
iATLBIi«& Ft 2 td 
Se ee oo ee 
{ J | ! / j 
Pi?titi |1 )]90 | 
Ti?iotdo ¢1 71 J 
io?ri1:d;o f1 91 4 
1!otroto jyjot{fto f 
] | | I | | 
ee eee Se ee oo 


207.5 THE BINARY SHIFT OPERATOR 


The Binary Logical Shift Operator determines the direction of 
shift based on the sign of the second operand: a negative operand 
denotes a right shift and a positive operand denotes a left 
shift. For example: 7**(-2) results in a logical right shift of 
two bit positions for the operand 7 Shifts are end-off with 
zero bit replacement. 


2e7e6 THE COMPARISON OPERATORS 


The result of any comparison produced by the comparison 
operators is: False = 03 True = l. 


EXAMPLES: 
Expression Value 
9>11 0 {9 is not greater than 11) 
13=4 0 (the word-size value /3 is 


equal to 11..21100 and fs not 
equal to 43 1.@e» 002220100) 


3/=4 a | (3 is not equal to 4) 
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4(3=4) | li.ell {3 is not equal to 4, so the 


result of the comparison is 0 
which NOTed becomes a word size 
value of all 1's.} 


208 ABSOLUTE _AND_RELOCATABLE TERMS _AND_ EXPRESSIONS 


Any term in ano expression may be relocatable or absolute 
{(non-relocatable). A relocatable term is one which represents 
the location of some piece of assembled code (i.e. represents an 
address in the memory of the computer). Its symbol category 
would be 6 An example would be the label of a 835SS statement. 


An absolute expression consists of either an absolute term or 
a combination of terms that, when evaluated, has no relocation. 
An absolute term is an absolute symbol or a constant. Al} 
operators may be used with absolute terms. Absolute terms are 
always internally represented in the 2's complement number system 
(the number 3-0 does not exist in this system). When the 
Assembler is generating object data for an I0U module the data Is 
then converted to the 1's complement number system at the time 
the data is output. 


A relocatable expression consists of a single relocatable term 
or a nhumber of terms that, when evaluated, has relocation. AD 
relocatable term results when an absolute term is added to or 
subtracted from a relocatable term and the result is not negative 
and does not exceed the storage capacity of a section. ATi 
arithmetic operations may be performed on relocatable terms. If 
a relocatable term cannot results then the relocatable term is 
first converted to an absolute term whose value is the byte 
offset of the relocatable term and the result of the arithmetic 
operation is an absolute term. 


If an absolute value is required of an expression, then it Is 
converted to absolute value. A relocatable value is required 
only for certain operands of the ADDRESS pseudo instruction. If 
an expression contains only a single terms the result is that 
term and the result may be absolute, relocatable, or string. 
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3.0 PROGRAM STRUCTURE 


This chapter describes the general structure of a program. In 
some cases, it repeats information described elsewhere and 
correlates it so that the programmer will obtain a better. 
understanding of how the program is assembled, loaded» and 
executed. Some references are made to the NOS/VE Loader but for 
a complete description of the loader, refer to the applicable 
NOS/VE document. 


A CYBER 180 program consists of one or more modules that can 
be assembled separately, either in the same computer run or in. 
independent runs. The Assembler will assemble many modules from 
the same input file per call. These many program modules can all 
be written in the Assembler source language, or can be written in 
any other source language available in the product set of the 
operating system as long as the compiler or Assembler produces 
relocatable binary output in a form acceptable to the NOS/VE 
loader. An Assembly. language module is composed of statements 
beginning with an IDENT pseudo instruction and ending with an END 
pseudo instruction. 


The Assembler repertoire includes pseudo instructions that 
facilitate relocatable module linkage. Through these linkages, 
modules loaded together can transfer control] to each other = and 
can access common storage locations. 


The first topic considered in this chapter is the program 
module and how the Assembler and the programmer organize the 
object code [nto program sectionse Following this is a brief 
description of the counters that control the sections. 


301 PROGRAM SECTIONS 


A CYBER 180 Assembly program is a collection of statements 
which are transtated via an assembly process, into a CYBER 180 
object module. Object modules resulting from separate 
assemblies, or compilations by a CYBER 180 Compiler (CYBIL, 
FORTRAN, etce) can be combined, via a linking process, into a 
single object module, and may undergo further transformation into 
a form capable of direct execution by the CYBER 180 hardware. 


A set of statements between an IDENT pseudo instruction and an 
END pseudo instruction is a program module. A CPU program module 
can be divided Into sections having different attributes. For 
instance, the CODE section has the attributes of READ and 
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EXECUTE, while the WORKING section is READ and WRITE. The use of 
sections provides a means of code protection. As assembly of a 
program module proceeds, the Assembler or the user designates 
that object code be generated or that storage be reserved in 
specific sections. 8y properly assigning code sequences, datas 
or reserved storage areas in blocks through use of ORG or USE, a 
programmer can intermix instructions and data for the different 


sections. The Assembler assians locations in a section: 
consecutively as it encounters instructions destined for the 
section. A symbol defined within a section is not local to the 


section. That is, it is qlobal and can be referred to from = any 
other section in the program. 


For the CPU there are several types of sections available, but 
for the [OU only one section is permitted. Only a CPU module may. 
contain SECTION or USE statements. If a CPU module does not 
contain a USE instruction or if object code is generated (for 
storage reserved) before the first USE Instruction, the Assembler 
places the object code in the CODE section, which is one of the 
five default sections. The user controls use of the 
default-sections and any user-established sections, through USE, 
ORG, and SECTION pseudo instructions. 


321.1 DEFAULT SECTIONS 
The following is a list of default sections and their 
attributes established for the user by the Assembler? 


CPU SECTIONS: 


CODE READtEXECUTE 
WORKING READtWRITE 
BINDING* BIND+READ 
STACK* READFWRITE 


TOU SECTIONS: 
CODE READtWRITEF+EXECUTE 


5 


Symbols may be associated with addresses in these sections, 
but data may not be initialized at assembly time except for 
the BINDING section in which pointers may be established 
through the use of the ADDRESS pseudo instruction. 


3.1.2 THE BINDING SECTION 
The BINDING section is a special purpose section whose 


function is to permit access to data and code that is either 
internal or external to the current module. This Is accomplished. 
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via pointers in the BINDING section which are built by the NOS/VE 
loader. In addition, the NOS/VE Library Generator may “bind* 
modules together. Part of this "binding® process consists of 
consolidating the separate BINDING section of each module into 
one common BINDING section by eliminating redundant entries 
(pointers) in the BINDING section. This means that “binding” 
inherently requires that entries in the BINDING section be “order 
independent”. The user must beware to preserve this “order 
independence”. 


It is recommended that reference to the pointers in the 
BINDING section be limited to the “load” type instructions (See 
Section 7.3.1) or the CALLSEG instructions For these 
instructions the Assembler inherently generates “relocation” 
object text which permits the Library_Generator to adjust the 
displacement field of these instructions to a new value as a 
result of module "binding". 


The use of other CPU instructions (e.g. ADDRQ) or generation 
of data which contains a displacement relative to the BINDING 
section is permitted and the Assembler will generate the 
necessary “relocation™® object text with the assumption that the 
field (displacement) being generated is an unstqned positive 
field. If this assumption is not correct, the relocation 
attributes may be specified by the intrinsic Relocation _function 
(R:) (See Section 5.1.9). If the relocation attributes cannot be 
specified by the relocation function (Ri), then the module cannot 
be bound and ff the module is to be assembled without diagnostics 
the module must be declared “NONBINDABLE™ via the MACHINE 
statement (See Section 4.2.1). 


362 SECTION CONTROL. COUNTER 


Each section has a section counter from which the byte offset 
from the beginning of the section, and the bit offset in the 
current byte can be obtained. The Assembler automatically 
updates and maintains this counter when a section is first 
established, or its use is resumed. The current contents of the 
location counter may be returned as a relocatable value via the 
location counter function # (dollar sign). 


The byte offset is the relative location of the next byte to 
be assembled or reserved In the section. It Is possible to 
increment the byte offset simply by using either ORG or 8SS5 
pseudo instructions. ORG also permits the programmer to reset 
the counter to some lower location in the sections The current 
byte offset can be referenced by using the function $(0). 
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The bit offset points to the next bit to be used in the 
current byte, and can range in value from 0 to 7 for a CPU module 
and 0 to 15 for an I0U module. It can be referenced by using the 
function $(1). 


30221 FORCING PARCEL ALIGNMENT 


A parcel is the minimum instruction size of either the CPU or. 
10U. For both the CPU and [0U a parcel is 2 bytes or 16 bits. 
The CYBER 180 hardware requires that all instructions start on a 
parcel boundary. For the CPU this also means that the byte 
address of the instruction must be even. [In a CYBER 180 Virtual 
Machine assembly, if any of the following conditions are true, 
the Assembler forces parcel alignment. 


-~ Insufficient room remains In a partially Filled parcel for the 
next instruction to be generated. 


- The current statement is an END, IDENT, or ALIGN 0,2 pseudo 
instruction. 
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Pseudo instructions are instructions needed by the programmer 
to write programs, but for which there are no hardware 
equivalents. 


Pseudo instructions discussed in this chapter are classified 
according to application as follows? 


Module identification (IDENT and END) 

Binary control (MACHINE) 

Symbol assignment (EQU, SET, ANAME, ATRIB) 

Module linkage (DEF, DEFG, REF, ALIAS and ADDRESS) 


Data generation (8SSZ, INT, DINT, FLOAT, DFLOAT, PDEC, CMD, 
VFD and TRUNC) 


Assembly control (00, ELSE, DEND, WHILE, and SKIPTO) 
Error control (ERROR, FLAG) 

Listing control] (LIST, PAGE, SPACE, TITLE, XRSY) 
Section control (SECTION, USE, ORG, POS, BSS, ALIGN) 


Procedure/function pseudo instructions (PROC, PEND, PNAME, 
FNAME LOCAL, OPEN, CLOSE, CONT) 


In general, pseudo instructions can be placed anywhere In a 
module. The following list of pseudo instructions is valid only 
for a CPU module. The presence of any of these instructions in 
an INU module will generate and error. 


ADDRESS ALIAS DEF DEFG DFLOAT DINT 
FLOAT INFOMSG PDEC REF SECTION USE 


4o1 MODULE_IDENTIFICATION 


Module identification pseudo instructions designate the 
beginning and end (IDENT-END) of a module). 
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4.1.1 IDENT - MODULE IDENTIFICATION 


An IDENT pseudo instruction of the Following form is the first 
statement of a module recognized by the Assembler. The first 
input statement must be an IDENT or comment statement and If end 
of information does not follow an END statement then the 
statement following END must be another IDENT or comment 
Statement. Oniy an YOU) module assembly permits several IDENT 
statements before the END statement, where each IDENT identifies 
an 10U overlay. Assembler flags any spurious use of IDENT before 
END as an error. For an [0U module only, the IDENT statement 
permits 3 operands. For a CPU module the argument field must be 
blank. 


Spe we we ee ee ee pow ee www ewe he ee ee ee ee oe ee oe od 
label loperation largument 
peewee ewww | ltenteinateenteatented $e we wwe wee eon sleadaetieredoteniaion 
Iname LIDENT lentry,origin, iouno 
name Name of the module, it is required and can be 1731 
characters of which the first must be alphabetic as 
defined in Section 2.3. This name cannot be 


redefined, and may be used to reference the code 
section. 


entry {required for an I0U module) A symbol specifying the 
IOU) overlay entry address. Symbol! category must be 
be 

origin {required for an I10U module) An expression specifying 


the first word address of the IDU overlay. [t must 
represent a valid I0U memory address (0-OFFF(16)) 
else an error is diagnosed, 


jouno (optional) Absolute expression specifying the number 
of the IDU on which the program is to be loaded.» 


Example: 
TEST IDENT »TEST Is the name of the module 
4.1.22 END - END MODULE 
An END pseudo instruction must be the last statement of each 


module. It causes the Assembler to terminate all counters, 
conditional assembly, procedure generation and code duplication. 
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The Assembler combines all local blocks (sections) into a 
relocatable subprogram block, generates the relocatable binary 
tables and produces the listing. 


ie iain a ata la pinta cemeay Perr NS aaron te 
label popetation largument 
iabel ieue Tevet eel: 

label Qptional, last address of the module. 

tralabel Optional, a 1°31 character symbol specifying the 


entry point to which control transfers for a CPU 
module. Tralabel is invalid in an [000 module = and 
must be omitted. This symbol must be declared as an 
entry point in the (linked) CPU module, either by a 
DEF, DEFG, or REF pseudo instruction in this module. 
At least one module must specify a transfer address 
or the loader signals an error. If more than one 
module indicates a transfer address, then the loader 
uses the first one encountered. 


Example: 
END START *START is the transfer label 


4.2 BINARY CONTROL 


This section describes a pseudo instruction that allows the 
user to control the binary output produced by the Assembler. 


4.2.1 MACHINE ~- DECLARE DBJECT PROCESSOR TYPE 


The MACHINE pseudo instruction specifies the type of computer 
processor on which the ob ject program can be executed. A MACHINE 
Statement must appear before any generated code. The MACHINE 
pseudo instruction also identifies which instruction mnemonics 
are permitted (CPU or I0U) and which type of object text to 
generate (CPU) or 100). No more than one MACHINE pseudo 
Instruction may appear within any assembly unit (IDENT-END),. 


pw ae ee we an te > ee me ae ae ow ae ee ewe mew wen we we we mee ee 
| label loperation (er gaent 

fre ee en a pn nn ee nn fan nn enn ee eee ne ----- 
| | MACHINE pera sine 


type CiBOCPY The object processor is a CYBER 180 CPU 
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(default). The Assembler will accept CPU 
instruction mnemonics and will generate CPU 
object text. 

Cis0rov The object processor is a CYBER 180 I0U. The 
Assembler will accept Tou instruction. 


mnemonics and will generate [DU object texte 
Negative numbers in the generated data will be 
in 1*s complement form (since the I0U is a 1's 
complement processor). 


No other type Is available at this time. 
bind This subfield is applicable only if type is CISO0CPU. 


BINDABLE (DEFAULT) The Assembler will generate 
additional ob ject text to permit the 
Library _generator to "bind® the module. If 
the other statements in the module do not 
conform to the rules for "bindable”™ code then 
a FATAL diagnostic will be issued for each of 
these statements (See Section 5.1.9). 


NONBINDABLE The object text generated will have the 
*“non-bindable” attribute set. No diagnostics 
will occur if the rules for “bindable” code 
are not followed. The Library _generator will) 
abort if an attempt is made to “bind"® this 
module. 


Example: 
MACHINE C1LBOCPU eBinary is for a CYBER 180 CPU 


403 SYMBOL ASSIGNMENT 


The pseudo instructions SET and EQU permit direct assignment 
of values to symbols. The values can be absolute or relocatable. 
Subsequent use of the symbol! in an expression produces the same 
result as if the value had been used as a constant. Symbols 
defined using EQU cannot be redefined. 


Any symbol may be given one or more programmer defined 
attributes by using the ANAME pseudo instruction to define an 
attribute name, and then using the ATRIB pseudo instruction which 
assigns a specific value to a specific symbol. Once defined, the 
attribute function may be used to recover the attribute vatue 
assigned to the argument. 
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4.3.1 SET/EQU - ASSIGNMENT OF VALUES 


A SET or EQU pseudo instruction defines the symbol! in the 
label field as having the value and attributes indicated by the 
expressions in the argument field. The difference between SET 
and EQU is that symbols defined with an EQU cannot be redefineds 
whereas symbols defined with a SET may be redefined with a 
subsequent SET any number of times. 


pm ae a a ae a a ee pe ee ae sae ae ese oo ee ee ee a ae ae ee ee ee 
abel loperation largument 
pe eeennn~ re os oe ew ween ne 
flabel {SET [list 
| label {EQU llist 
label (Required) <A list of one or more symbols, or symbol! 


element number identifiers to which the argument 
field list is assigned. It will have a symbol 
category of 9. 


list Evaluatable expressions. The expressions cannot 
include symbols as yet undefined. The maximum value 
of a list element cannot exceed &4 bits 


(OF FFFFFFFFFFFFFFF(16)). When the first element in 
the list is a symbol, the attributes of that symbol 
will replace the attributes of the symbol in the 
label field. 


Any symbol in the label field cannot be referred to prior to 
its first definition. 


The SET and EQU pseudo instructions assign a list of values to 
the symbol(s) In the label field. The list must contain only 
evaluable expressions at the time the pseudo instruction is 
processed by the Assembler. The label field may consist of JVist 
names (symbols) or list element identifiers. 


List elements are referenced using the form: 
listnamefelement number } 
where listname is the name of the list, and element number is an. 
evaluable expression denoting a particular element in the list» 
where, for ann element list, element number = 05 1s 2seeesnwmle 
A negative element number is diagnosed as an error. 


A SET or EQU pseudo instruction within a PROCEDURE is 
processed by the Assembler only when the PROCEDURE is referenced 


4-6 
Coc ~- ADVANCED SYSTEMS DEVELOPMENT 


A6B/10/17 
CYBER 180 It Assembler ERS neve F 
4.0 PSEUDO INSTRUCTIONS 
4.321 SET/EQU | ~ Eavaaiatl OF VALUES 


and not when the PROCEDURE is defined. The expressions which 
comprise the list elements must be evaluable therefore, only when 
the PROCEDURE is referenced. 


A particular list element may have a value of ZERO or NULL 
depending on how that element is defined. A null element is 
assigned to a list whenever a position for a list element is 
indicated with appropriate commas, but the position is devoid of 
contents. <A null list element has the numeric value zero when 
used computationally. Null elements may be transferred from one 
list to another. 


The argument field is completely processed and for each 
subfield in the argument list the value is assigned to the 
corresponding value element of each of the symbolic names in the 


label field. If a list is specifieds it is replaced completely 
by the argument. If a list element is specified, replacement is 
on an element by element basis. The designated element Is 


replaced by. the first argument list value, and succeeding 
elements being replaced by the corresponding argument value. 


Example #1 
A SET 32557912,15 
When this pseudo instruction is processed by the Assembler» 


the label YA" is associated with the list 35537312,15. The 
elements and their values are: 


ATO] = 3 
Atl] = 5 
AL2] = 7 
AT3] = 12 
At4} = 15 
A{I5] = 0 .(Null) 


Following the previous pseudo instructions we could then give 
the pseudo instructions: 


ACL] SET 42 
AL4] SET 17 
AL5) SET 8 


And the list associated with "A™ would then be? 


ATO] = 3 
A{1] = 42 
At21]1 = 7 
AT31 = 12 
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AI4] = 17 

AI5] = 8 

AT6] = 0 .{Null) 
Example #2 


XY SET SUM4+3512,SUMt+7,6 


In this case, the symbol SUM must have been previously 
defined. If its value were 50, then the Assembler would 
establish two lists X and Y which would both be associated with 
the list: 


5391295796 


In addition, any previous list associated with either X or Y 
would be erased. The following instructions may then be given: 


Z SET x 
X£O] SET SUM+1 
ZZ SET x 
x SET 5351 


After these pseudo instructions have been executed, the lists 
appear as: 


593-1 
53,12257,6 
Z 53,12,57,6 
z= 51,212,557 e5 


uo oa 


X 
Y 
7 
Zz 


Example _#3 


BIND_LREG EQU A3 points to the binding segment 
TEMP_REG SET A5 etemporary working register 


BIND_REG now is equal to 3 and has the attributes of #AREG. 
The symbol BIND_LREG cannot be redefined. TEMPLREG is equal to A5 
and has the attributes of #HAREG. TEMP_LREG can be changed with a 
subsequent SET. 


Example #4 
A SET Of1923394 
A{2} SET 5,6 


results in the list: 


A = 091259534 
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The pseudo instruction: 
Nee SET 59105911 
modifies the list to: 
A = Oo0010,,11 
4e3.2 ANAME DIRECTIVE 
The ANAME pseudo instruction is used to define ai programmer 
defined attribute name and to assign a particular attribute 


number to that name.» A particular attribute number may have 
several names associated with it by using ANAME more than once. 


on on ee ae we ee ee eae ne ne ae A Ow Ee sm ae CS on nae sae ee ae ee 0 Oe SO Ee me <n a aD em ee ee ee ee a see 
abel loper ation argument 
toe enn ween : oieieteeteaeetetaden : lociertetontonteeteseteteteeetedededetetetemeameteaten 
| label | ANAME Ivalue 
label A previously undefined symbol. 
value Evaluatable expression whose value can be any 


positive integer. 


4.3.3 ATRIB DIRECTIVE 


The purpose of the ATRIB pseudo instruction is to assign a 
value to the programmer defined attribute of a particular symbol. 
The symbol to which the attribute value is assigned is the symbol] 
in the LABEL field. If the symbol in the LABEL field of this 
pseudo Instruction is not previously defined, it will be placed 
in the permanent symbol] table and given a symbol category of 1, 
and the specified attribute assigned to it. If the symbol] in the 
LABEL field has been previously defined, the value is assigned to 
the attribute of the symbol and replaces any previous value 
assigned to that symbol for that attribute. Normally», a symbol 
must be defined before attribute values are assigned to that 
symbol. An exception occurs when PROCEDURES are executed while a 
source statement is being processed. 


owe we we sam eee of se ee cee ee se ee ee ae ee ee oe ee ae a ee ee ee ee ew we ae ee ee ee 
label loperation largument 
wer ececae ewan ww we ew eee pp 0 an ee ee oe ae ae ee ee a ee a oe 


{label . {JATRIB fattribute,value 
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a a oe wn a a ae a 


label A label field symbol! is required. 

attribute A previously defined fusing the ANAME 
pseudo instruction) programmer defined 
attribute name. 

value Evaluatable expression. 


42344 USE OF THE ANAME AND ATRIB PSEUDD INSTRUCTIONS 


» CONSIDER THE FOLLOWING SEQUENCE DF DIRECTIVES: 


INDEX 
BASE 


ANAME 1 
ANAME 2 


» At this point we have defined two programmer defined 
» attributes INDEX and BASE. <Any symbol can now have values 
« assiqned to these attributes. 


~ SMB1 
SMBI1 


ATRIB INDEX,5 
ATRIB BASE,OA(16) 


» At this points the INDEX attribute of SMBl is 5 
» and the BASE attribute of SMB1 is a hexadecimal A. 


SMB1 
SMB1 


ATRIB INDEX,0 
ATRIB BASE,2 


» At this point the INDEX and BASE attributes of 581 have been 
» reassigned to the values: 


° INDEXESMB1] = 0 

° BASE{SMB1] = 2 

° Attributes may be used as terms of an expression. 
JA SET BASELSMB11 

J6 EQU INDEX{ SMB1) 


4 MODULE LINKAGE 


The pseudo instructions DEF, DEFG, and REF are valid only in 
CPU) modules, and are used to denote entry points, either in the 
current module or a separately assembled/compiled modute. A 


symbo]} 


flagged as an entry point denotes an address representing 


data or code, which can be referenced by other modules. It is 
through the use of entry points that the NOS/VE loader is able to 
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link modules together. See the appropriate NDOS/VE loader 
document for complete details. 


4.4.1 DEF,BDEFG-DECLARE ENTRY SYMBOLS 


The DEF and DEFG pseudo instructions define symbols as entry 
points in the current CPU module. DEFG pseudo instruction. 
defines symbols as gated entry points. (Gated entry points are 
explained further in the NOS/VE loader documentation.) 


pe ae ae a ee ee ee ed fe oe ee soe ne sa Ae Ae SD Stn ine A em tae MO a Se me 
{label joperation largument 
$a cen enn tow nnn == $e wn cence nn oo -- 
1 1} DEF vaiieynst wcsevan 
] IDEFG Isymlssym2se0e95ymn 
symi (Required) Linkage symbol from 1-31 characters of 


which the first must be alphabetic as defined in 
section 224. {Also see ALIAS statement.) Each 
symbol] must be Further defined in the module as a 
relocatable address {catagory 6). The symbol may not 
be a LOCAL or OPENED symbol. The appearance of the 
same symbol more than once in a DEF or DEFG is not an 
error, but the symbol may not appear in both a DEF 
and DEFG statement. 


Examp jes 
DEF PRGI *PRG1 is a symbol in this compilation unit. 
40422 REF-DECLARE EXTERNAL SYMBOLS 
The REF pseudo instruction lists symbols that are defined = as 


entry points in Independently compiled or assembled CPU modules 
for which references can appear in the module being assembled. 


Ce $e ee ee ee eee ewe een en 
| label operation argument 
few wwe ewe a +: 2 a se ae ee ee ee ee ee ee ee 
{ JREF iene Sy ocorasvnn 
sym] (Required) Linkage symbol, 1-31 characters of which 


the first must be alphabetic as defined in Section 
24. These symbols must not be further defined 
within the module being assembled. Note that it is 
still possible to have new definitions for the symbol 
by using LOCAL or OPEN statements. (Also see ALIAS 
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statement.) 


Symbols may be declared in a REF statement prior to or: 
subsequent to their use in the program. They must be global. 
symbols, and cannot have been declared DPEN or LOCAL. Symbols 
which are dectared in a REF pseudo instruction are assumed to be 
relocatable and their use in expressions must follow the rules 
for relocatability.e Any further definition of a REF symbol will 
be diagnosed as an error. 


Examples 


REF TAGX »TAGX IS AN ENTRY POINT IN A DIFFERENT 
eASSEMBLY/COMPILATION UNIT. 


444.3 ALIAS ~ EQUATE LINKAGE SYMBOLS 
The ALIAS pseudo instruction gives the programmer the ability 


to declare entry points with names other that that used within 
the current CPU module. 


oo $an enn we few wen we ee ew oe ew ee ee -< 
| label loperation Jargoren® 
few enn nnn 5 EE o_o eee ene -=- 
Inamel {ALIAS tian 

namel 1-31 character linkage symbol used by the Assembler. 


This symbol must be further defined in the module as 
a DEF, DEFG, or REF symbol. 


name2 1-31 character CYBER 180 linkage symbo!. This symbol 
is not restricted by the limits of symbol! definition 
in Section 254-6 The symbol must consist of 
alphabetic or numeric characters, the first of which 
must be alphabetic. The colon may not be used as one 
of the characters. 


Example: 

TAG ALIAS T AGFOR ALONGNAME eTAG FOR A LONG NAME IS 
DEFINED IN A DIFFERENT 
«COMPILATION UNIT. 


4.4.4 ADDRESS - FORM CYBER 180 ADDRESS 


The ADDRESS pseudo instruction enables the generation of 
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references to full Process Virtual Address (PVA's) in a CPU 
module, to he filled in by the NOS/VE Loader. Generally» this 
pseudo instruction is used in the BINDING section to form 
pointers. | 


pace een Hm ee ee en fen ee en ee ee een 
Ilabel Joperation largument 
pene nn eds Sesteteetedeehededeaieten foe eee em ee 
| label [ADDRESS Evol ey alacees eenvevan 
label Optional, symbol assigned the value of the beginning 
of the address list. Symbol category equals 6. 
typi Type designating the address insertion type. It can 
have only the following values else an error is 
diagnosed; 


P - (Pointer) Creates a pointer (PVA) to the 
specified address. The generated object code is 
one word long and is word aligned relative to the 
section origin. The PVA is stored in the 
generated object code right justified with zero 
Fill. 


C - (Code Base Pointer) Used for linking procedures. 
The format for the PVA is one word of generated 
object code for internal symbols, and two words 
of generated object code for external symbols. 
The generated object code is always word aligned 
relative to the section origin with the PVA being 
right justified with zero fill. 


CI- (Code Base Pointer Internal Format) Generates 
ob ject code for a code base pointer in internal 
format (1 word) for the symbol, without regard as 
to whether the symbol is internal or external. 
The generated object code is word aligned 
relative to the section origin with the PVA being 
right justified with zero fill. 


CE- (Code Base Pointer External Format) Generates 
object code for a code base pointer in external 
Format (2 words) for the symbol, without regard 
as to whether the symbol Is internal or external. 
The generated object code is word aligned 
relative to the section origin with the PVA being 
right justified and zero filled. 


R~- (Relative) Generates object code for a PVA which 
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points to a symbol! with an offset. The length of 
the generated object code is 8 bytes in the 
binding section, or 6 bytes in any other section, 
The generated object code Is word aligned 
relative to the section origin when in the 
binding section with the PVA being right 
justified with zero fill. When not in the 
binding section, the generated object code is 
byte aligned. 


symi Following each TYPI subfield there must be a single, 
corresponding SYMI subfield which contains a symbol 
or expression which identifies the internal or 
external location for which a PVA is to be created. 
Expressions are permitted only when TYPI is R. 


Example: 


USE BINDING 
REF TESTDATA 

TAG ADDRESS C,TESTDATA GENERATES A 2 WORD PVA FOR TESTDATA 
USE ALASTSEC e»WHICH IS IN A DIFFERENT MODULE. 


5 DATA_GENERATION 
The instructions described in this section are the only pseudo 
instructions that generate data. All other program data is 
generated through symbolic machine instructions. 
4.5.1 BSSZ-RESERVE ZEROED STORAGE 
The 8SSZ pseudo instruction generates zeroed bytes of data in 


the section of a CPU module currently in use or it generates 
zeroed 16-bit words of storage in an I0U module. 


an 00 we we ee ew oe fp me an sae a tm ee Se ee Ne A Sate Mem ma es 
[abet joperation Jargument 
a2 ap oe ti an a am ae ane ee oe ew oe ae ces cae an oa es on 0 te a a a a a ae ee a ea 
aes 1BSSZ faexp 
labe} Optional, label defined as the byte offset in the 


section after the appropriate alignment occurs. The 
symbol identifies the beginning of the reserved 
storage area. 


aexp Absolute evaluable expression specifying the number 
of zeroed units (bytes for CPU or words for I0U)) of 
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storage to be reserved. The expression cannot 


contain external symbols or result in a relocatable 
or negative value. 


A BSS2 0 or an erroneous expression causes a force to a unit 
boundar y (byte for CPU or word for If0U)) and the symbol 
definition, but no storage is reserved. If storage is to be 
reserved in a CPU module starting at a word, halfword, or parcel 
boundary, then the 8SSZ must be preceded by one of the 
appropriate alignment pseudo instructions. 


Example: 


ALIGN 0,8 «FORCE BYTE DFFSET TQ A WORD BOUNDARY, 
TAG B3SZ 10 eRESERVES 10 BYTES OF ZERDES. 


4.5.22 INT ~- GENERATE INTEGERS 


The INT pseudo Instruction generates one or more 32-bit 
integers on a byte boundary in the current section of a CPU 
module for each item listed in the argument Field or it generates 
one or more 16~bit Integers on a word boundary in an [00 module 
for each item listed in the argument field. 


pm wee ee ee pew www ew we 0 se se a es me OO sam aoe ane — 
llabel loperation lar gument 
fone -- por enn----- $e ee wee ene eee eee ~---<= - 
{label [INT Jiteml,item2,.+.,itemn 
label Optional, symbol] is assigned the byte offset in the 


section after the force to the appropriate boundary 
occurs. Symbol category equals 6. 


itemi Numeric data item. Value of the numeric data item 
cannot exceed the storage capacity of the item being 
generated. 


Example? 
TAG INT le2e3 
4.25.3 DINT - GENERATE 64-BIT INTEGERS 
The DINT pseudo instruction generates one 64-bit Integer on a 


byte boundary in the current section of a CPU module for each 
item in the argument field. 
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pomnn=-~ et Oe Eee 
l label loperation largument 
Se a S orkerhetadhedeateetieteeteteteteteteteteten “<== 
[labe] [OINT Jiteml, {item2,.e«2,itemn 
label Optional, symbol assigned the byte offset in the 


section after the force to a byte boundary occurs. 
Symbol category equals 6. 


itemi Numeric data item. 


TAG DINT 1le23 


4.5.4 FLOAT - GENERATE SINGLE PRECISION FLOATING-PDINT NUMBERS 


The FLOAT pseudo instruction generates one 64-bit floating 
point number on a byte boundary in the current section of a CPU 
module for each item listed In the arqument field. Note that 
Floating point numbers entered with a decimal point must have a 
digit preceding the period {else the remainder of the statement 
will be interpreted as comments). 


$enwce- a es o_o -- 
I label loperation largument 
oe foewene---- $2 we ww eee eee ee eee eee 
[label {FLOAT Vikealsiten?secssitenn 

label Optional symbol assigned the byte offset in the 


section after the force to a byte boundary occurs. 
Symbol category equals 6. 


itemi Numeric data item. Value of numeric data item cannot 
exceed the storage capacity of a single precision 
(64-bit) Floating point item. Conversion of the 
numeric data item into the internal floating point 
representation is performed by a CYBER 180 math 
libray program. Consult the appropriate CYBER 180 
math lYibray documentation for further information.e 


Example: 


TAG FLOAT 1.34 7E-6,0,76-3416E1251. 
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SS A EN A ES DN ED SD TE A ED A le ee ee ee en ee ee ee ee ee ee ee ee 2 ee ee ee ee ee ee 


4.5.5 DFLDAT ~ GENERATE DOUBLE PRECISION FLOATING-POINT NUMBERS 


The DFLOAT pseudo instruction generates one double precision, 
128-bit floating point number on a byte boundary in the current 
section of a CPU module for each item listed in the argument 
field. Note that Floating point numbers entered with a decimal 
point must have a digit preceding the period (else the remainder. 
of the statement is interpreted as comments). 


hm ae ee ee ee me ae ae ee ee a se se ee ee iO See Aa cs se a in sw - 
Habel foperation fargument 
fae wwe ee ee ee wee we we wee an a —— me 
| label IDFLOAT fy tkaly (tees scsi tenn 
label Optional symbol assigned the byte offset in the 


section after the force to a byte boundary occurs. 
Symbol category equals 6. 


itemi Numeric data item. The value of the numeric data 
item must be within the limits of the storage 
capacity of the item being generated. Conversion of 
the item into internal floating point representation 
is performed by a CYBER 180 math library program. 
Consult the appropriate CYBER 180 math library 
documentation for further information. 


Example; 
TAG DFLDAT -~22.661,6.87701E-14,1E3,0.00000001 762 
42526 PDEC - GENERATE PACKED DECIMAL DATA 


The PDEC pseudo instruction generates packed decimal data on a 
byte boundary for the length of the field desired. 


tee wenn none Soe lteteteteted SN ee 
[label loperation largument 
S etetehetenteneten es pewe enn new nee wee eed 
{label JPDEC 1C*string! 
label Optional symbol assigned the byte offset in the 


section after the force to a byte boundary occurs. 
Symbo!} category equals 6. 


string Signed or unsigned numeric decimal character string 
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is required. Any other argument type is diagnosed as. 
an error. Fach character in the string generates a 
4-bit code. Only the characters 0-9 and + or - are 
permitted. Any other characters in the string are 
diagnosed as an error. The siqn character (+ or ~-~) 
must be the last (rightmost) character. If the data 
is to be used by a BDP instruction the user must 
insure that the contents of the generated object code 
fit the requirements of the 8DP type designator {See 
Section 7.24). 


Examples 
TAG PDEC C*1234* 


4.5.7 CMD ~- GENERATE BIT STRING 


The CMD pseudo instruction is a single statement form of 
PROCEDURE. The output of the CMD pseudo instruction is a string 
of binary bits together with appropriate control information. for 
the CYBER 180 LOADER. The length of the binary bit string Is 
controlled by the “length list™ and the contents of the binary 
bit string are controlled by the “value list". Both the "length 
list™ and the “value Jlist” can contain multiple subfields, 
provided that the total bit string produced is greater than zero 
and less than or equal to 1024 bits. | 


$e we wee fe ee ee ee ee pone wee ewe ee — ae ae — an ee nn 
{label loperation Jar gqument 
peewee enn $e ew ene $e en enn ene eee ~o---- 
[label ICMD,}I_Ist Ivlist 
label A label Field symbol ts required. It is used to 


define the OPERATION Field name by which this 
particular CMD definition will be referenced in 
subsequent statements of the program. The CMD 
statement must appear prior to any reference to the 
operation it defines and may not appear within a 
PROCEDURE definition. The (optional) label 
appearing on a Tline referencing a CMD defined 
operation will be associated with the generated bit 
string. Symbol category equals 6. 


list The length list is a list of evaluable expressions 
whose value represents the length in bits, of each 
argument field element to be generated by the 
Assembler. This list is ordered from Jeft to right. 
If the value of the “I_Ist" causes an overflow of 
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the section counter, then an error will be 
diagnosed. 
viist In one-to-one correspondence with the “length list* 


is a “value list", which is a list of expressions 
which determines the value assiqned to the 
corresponding element of the "length Vist". If 
number of elements in *“I_Ist™ does not match the 
number of elements in “v.iIst"™ then an error is 
diagnosed. If the value of a “v_ist“” element. 
exceeds the storage capacity allocated by the 
corresponding “l_Ist* element, then an error may. or 
may not be diagnosed depending on the use of the 
TRUNC statement (See Section 4.5.9). 


Example? (Also see the section on PROCEDURES) 
LA CM0s82424,16 84(16),F?2 (251),F2(250),F2(252) 
4.5.8 VFD ~- VARTABLE FIELD DEFINITION 

The VFD pseudo instruction generates a string of binary bits. 
The (optional) label is associated with the data string. 

The difference between the CMD and VFD pseudo instructions is 
that the CMD pseudo instruction is a template which does not 


generate output until called, whereas the VFD pseudo instruction 
generates output when it is encountered. 


power eee nee tenn nne---- Hw en rn ee ee ee eee eee 
llabe] loperation argument 
hae ee ee ee a ee ae ee ee ee we ee ee eee ee ao A aie a eae ee Se se esa 
llabel {(VFD,1_Ist Iv_itst 
labe} Optional symbol assigned the byte offset in the 
section. 
tist A list of evaluable expressions which represent the 


length in bits of each subfield to be constructed. 
This list is ordered from left to right. If length 
list causes an overflow of the section counter then 
an error will be diagnosed. 


vist In one-to-one correspondence with the length list is 
a list of expressions which determine the value 
assigned to the elements of the length list. If the 
number of elements of "IList™” does not match the 
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number of elements of "v_Ist"” then an error is 
diagnosed. If the value of the “v_Ist” element 
exceeds the storage capacity specified by the 
corresponding "I_Ist* element, then an error may or 
may not be diagnosed depending on the use of the 
TRUNC statement (See Section 4.5.9). 


Example? 
LIST) VFD,8,16,8,3%8 1,4F(16),6,C*ABC* 
4.5.29 TRUNC - TRUNCATE 
The TRUNC pseudo instruction is used to indicate what action 


is to be taken, if it is necessary to truncate a value in order 
to enable it to fit into a field specified by a CMD or VFD pseudo 


instruction. 
pe ee ee ee wee wee am me se 5 a es a se ee a 
label loperation argument 
<= ee ee $f we we wee wwe fe ae ewe wee ee we ew eee ewe 
! |] TRUNC lvalue 
value Value is one of the numbers © and 1 which have the 


following meaning? 


0: Truncate and do not associate an error flag 
with the data generated, 


1: Truncate and flag the word generated as in 
errore 


An attempt will always be made to fit the significant bits of 
a value into a field. When type 1 truncation is specified, the 
elimination of an unbroken string of non-significant zeros. or 
elimination of an unbroken string of 1's in the case of a 
negative number, is not considered to be an error. When 
character data is truncated, trailing blanks are not considered 
an error. 


More than one TRUNC pseudo instruction may appear in a 
program. The most recently encountered TRUNC pseudo instruction 
will be used. If no TRUNC pseudo instruction appears in a 
programs "type O*” truncation will be used, 


Example? 


TRUNC 1 »FLAG TRUNCATION ERRORS.) 
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4.5210 INFOMSG 


The INFOMSG pseudo instruction is used to contro! the 
generation of the Informative Diagnostic issued when data 
generation occurs fn the BINDING or STACK sections of a CPU 
module.* 


$e en enn fm ee ee ee fen een eee eee ene S loaleaestesteten 
Jlabel joperation largument 
fon nee . cechetetahatedeatecatads dedede hecketetateteateaten oe nee ee nee 
1 | INFOMSG Ivalue 
value - LISTON - Turns generation of error message on 
(default). 


- blank - Suppresses generation of error mebeaaer 

Example: 

INFOMSG LISTON «FLAG DATA GENERATION ERRORS. 

* Data cannot be initialized In the Binding and Stack sections 
at assembly time, with the exception of the ADDRESS pseudo 
instruction which can be used in the Binding section. 

4.5 ASSEMBLY CONTROL 

4.621 DD/ELSE/DEND PSEUDD INSTRUCTIONS 
This group of pseudo instructions is used for conditional 


iterative control of Assembler processing. The format of these 
pseudo instructions is: 


pew wee wow ew ee ee eee fe wee ee ee ee ee ee 
|Tabel loperation argument 
poe wene n= ee fo we wow w ween ee een eee nen 
{label 100 Jexpression 
{ELSE | 
label {| DEND | 
label] Dotional label that [ss assigned the value of the 


expression when used on the 00 statement. It is not 
valid on the ELSE pseudo instruction. When specified 
on a DEND, a cycle effect can be created by using a 
SKIPTO LABEL instruction. The label of a ODEND 
statement is never entered in the Assembler's symbol 
table and the presence of a label field is used only. 
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as the object of a SKIPTO. 


expression Expression must be absolute and evaluable. This 


expression represents the number of times the D0 loop 
will be executed. If no expression is present, the 
argument of the DO will be treated as 0. A boolean 
condition can be specified for conditional assembly 
of code. 


A DEND pseudo operation must be associated with each DO pseudo 


operation written. However, the ELSE need not be present, but if 
desired, must occur between the DO and DEND. 


a) 


b) 


c) 


d) 


e) 


The DO pseudo operation operates as follows: 


An internal counter is set up and initially given the value 
of 0. . 


If a label is present on the DO lines its value is set to 0. 
The expression on the DO Vine is evaluated. Denote the 
results of this calculation by nn. {IF no expression was 


present or the expression was not evaluable, n = 0). 


If n¢ 9, skip succeeding lines until an ELSE or DEND pseudo 
operation is encountered. 


1) If an ELSE pseudo operation is encountered, assemble 
succeeding statements until a DEND line is encountered. 
Continue assembly at the statement after the DEND line. 


2) If a ODEND pseudo operation is encountered, resume 
assembly at the statement following the DEND line. 


If n > 04 the following action occurs? 
1) Increment the internal counter by 1. 


2) If a é§tTabel was present on the DO lines set the value of 
the label equal to the new value of the internal counter. 


3) Assemble all lines until an ELSE or DEND pseudo operation 
is encountered. 


4) Compare the internal counter to n. 
a) If the count is less than ny, repeat the procedure 


from step {e). This causes the count to be 
incremented, and resumes assembly of the statements 
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following the 00. 
b) If the count is equal to ny terminate control of the 
DD pseudo operation and resume assembly at the line 
immediately following the DEND, skipping al} 
statements between the ELSE and DEND if necessary. 
Example: 


EXAMPLE 1) The following code will assemble one 64-bit word 


* with a value of X factorial. If X is negative or 
° zero, then a word with value zero is assembled 
° instead: 
FACT SET 1 
I DD X 
FACT SET FACT=1 PROCESSED X TIMES IF X>0 
ELSE : 
FACT SET 0 PROCESSED ONCE IF X<0 
DEND 
VFD,64 FACT 
>» EXAMPLE 2) The following code will assemble N#1 64-bit words 
* whose values are O,eee0:N where N can be either 
° positive or negative. The inner BDO block is 
. processed onty if N<0. 
VFD,»64 0 
T DO N 
VFD,64 I PROCESSED N TIMES IF NDO 
ELSE 
J DO ~N 
VFD,64 -J PROCESSED -N TIMES IF NO 
DEND 
DEND 
- If N=3 the above code is equivalent to: 
VFD,16 0 
VFD,16 1 
VFD,16 2 
VFD,16 3 
» If N=-2 the example code Is equivalent to: 
VFD,16 9 
VFD,16 <-1 


VFD,16 -2 


4-23 


CDC - ADVANCED SYSTEMS DEVELOPMENT 


CYBER 


re ams en ae 


B6/10/17 


180 ae Assembler En? Bas F 


4.0 PSEUDO INSTRUCTIONS 
4.642 i sta lcs uptohes dicted PSEUDD INSTRUCTIONS 


on te me ee 


4.6.2 WHILE/ZELSE/DEND PSEUDO INSTRUCTIONS 


The format of these pseudo instructions are: 


Ah ne sae ee we oe we ee ee ee peewee we Joe st a tee a ae ae ee ae em aoe ee 
label Joperation |argument 

$onnen~ a $a eww ew wen ee eee eee — 
| label {WHILE Jexpression 

| fELSE | 

{label {DEND 1 


Label and expression have the same meaning as in the DD pseudo 


operation. However, there is no limit placed on the value of the 
expression. 


The execution of the WHILE loop is similar to that of the 00, 


except that the expression is evaluated for each iteration in the 
Toop. 


a) 


b) 


c) 


qd) 


The WHILE pseudo operation is performed as follows: 


An internal counter is set up and initially is given the 
value 0. 


If a label is present on the WHILE line, its value is set to 
0. 


The expression of the WHILE line is evaluated. Denote the | 
results of this evaluation by Mm, (If no expression is 
present, or the expression is not evaluable» m = 0.) 


If m ¢ 0 and this is the first time through the WHILE loops 
suppress assembly until an ELSE or DEND pseudo operation is 
encountered. 


1) If an ELSE pseudo operation is encountered, assemble 
succeeding statements until a DEND line is encountered. 
Continue assembly at the statement following the DEND 
line. 


2) If a DEND pseudo operation is encountered, resume 
assembly at the line following the DEND lines 


If m ¢ 0 and this is not the first time through the WHILE 
loop, skip all lines until a OEND pseudo operation is 
encountered and resume assembly at the line following the. 
DEND. 
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1) Increment the internal counter by 1. 


2) Set the value of the label on the WHILE line (if present) 
to the new value of the counter. 


3) Continue assembly until an ELSE or DEND pseudo operation 
is encountered, and then repeat the procedure from step 
Ca 


Note that the only logical way to get out of a WHILE loop is 
to change within the loop, one or more of the items which 
make up the expression on the WHILE line so that the 
expression will not have a value 0. 


ple: 
his code will assemble a number of 16-bit words whose value 


re from the Fibonacci series. Starting with the value 1, 
ach word is equal in value to the sum of the previous two 


words. In this example the series is terminated when all of 


ts members less than N have been generated. 


OPEN A,B,TEMP 


SET 0 
SET 1 
WHILE BCN 
VFD,16 8B 
SET B 
SET A+B 
SET TEMP 
DEND 


CLOSE A,8,TEMP 


Ff N=10 the above code is equivalent to? 
VFD,15 
VFD,16 
VFD,16 
VFD,16 
VFD,16 
VFD,16 


CO USI BS ee ee 


3 SKIPTO - SKIP CODE 


The SKIPTO pseudo operation enables the user to conditionally 
alter the sequence in which assembly lines are processed. It has 


the 


form: 
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Se a te eee ee eee eee ne eee n = 
label loperation Larquneat 
Se See ea 0 le ee ~<---- 
| [ISKIPTD,exp |[namel,...,namen 
@xp Optional, must be evaluable. 
namei A valid label appearing on a CONT, ODEND, or PEND 
Statement which follows the SKIPTON statement. 
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If the expression is not present, only a single label is 


permissible. 
SKIPTOD operates as follows: 


a) If no expression is present on the SKIPTO line, 


skip 


succeeding lines until a line with the appropriate label is 


found. 


b) If an expression 5 present, it is evaluated. 


1) If value of the expression is k and k lies between 0 


and 


n-1 where nis the number of tlabels on the SKIPTO 
directive, the succeeding lines are skipped until a CONT, 
DEND, or PEND statement is found which has as its label, 


nameke- 


2) If the value of the expression is < 0 or >= n= for 


the 


expression is not evaluable), assembly resumes at the 
line immediately following the SKIPTD pseudo instruction. 


Note that when in the skipping mode, all pseudo instructions 
except LOCAL, OPEN and CLOSE are iqnored. Any symbol defined 
by LOCAL or OPEN pseudo instructions are not recognized. 


Labels within PROC/PEND, WHILE/DEND, or DO/DEND blocks 


are 


not recognized, and it is illegal to write a SKIPTO pseudo 
instructions which branches out of a procedure definition, 


WHILE/DEND sequence, or DO/DEND sequence. 


Example? 


« In the following example, the statement processed following 


« the first SKIPTO directive depends on the value of "A". 


SKIPTO,A SMALL»MEDIUM,LARGE, HUGE 


UNE XPT SKIPTQ MORE THIS STATEMENT IS PROCESSED 


IF A IS NOT EQUAL TO O» 1» 2 
OR 3. 


SMALL RES 50 THIS STATEMENT IS PROCESSED 
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SKIPTO MORE 
MEDIUM RES 100 
SKIPTO MORE 
LARGE RES 250 
SKIPTO MORE 
HUGE RES 1000 
MORE CONT 
. AM, 
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TF A IS EQUAL TO O,. 


THIS STATEMENT IS PROCESSED 
TF A TS EQUAL TD 1. 


THIS STATEMENT IS PROCESSED 
IF A IS EQUAL TO 2. 


THIS STATEMENT IS PROCESSED 
IF A IS EQUAL TOD 3. 


If "RES" is a user-defined procedure which reserves the 
number of words of core specified by its arguments then the 
amount of core reserved by the above code varies depending on 


» This example illustrates the effect of ODPEN/CLOSE and DO/DEND 


e blocks on the SKIPTO directive. 


SKIPTO xX 
OPEN x 
xX RES 5 
CLOSE X 
I DO 10 
LOCAL x 
x VFD,16 I 
DEND 
X ADD BASE ,DISP 


4.7 ERROR CONTROL 


THIS LINE IS SKIPPED BECAUSE 
IT APPEARS 
BETWEEN AN OPEN AND CLOSE 


THIS LINE IS SKIPPED BECAUSE 
TT APPEARS WITHIN A ODO/DEND 
BLOCK 


THIS LINE Ts PROCESSED 
FOLLOWING THE SKIEPTO DIRECTIVE 
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427.1 ERROR PSEUDO OPERATION 


Sp we ne ae ne ewe ae soe ee a 00 sm sme se se aa se ate a A ee Na HO Se a OS ND SO Le A A lm se se se Ame 
label loperation fargument 
$e-------- $ wan we wee eee fa wee ew ee wen een n ee 
| [ERROR»exp, label 1C'message' 


The ERROR pseudo operation provides a method for conditionally 
generating an error message in the object Visting and. 
transferring control to another portion of the program. 


label Label is any valid symbol appearing in the label 
field of a subsequent CONT, DEND, or PEND statement. 
The statement must be a CONT, DEND, or PEND statement 
before label comparison is made. 


exp Exp is a conditional expression whose value 
determines whether the error message is to be 
produced and if a transfer of control is necessary 
If this subfield is omitted, then the message is 
unconditionally generated. 


message Message is any valid combination of characters (see 
Character set). 


When an ERROR pseudo instruction is encountered, the 
expression is evaluated. 


If it is true (1) or not specified, the error message is 
produced on the object listing. If symbol is present, 
contro!) is transferred to the indicated line. If no 
symbol is present, assembly continues with the next 
statement. 


If the expression is false (0), no message is produced 
and assembly is continued at the succeeding line. 


Examp le; 


» 


ERROR, ACO C'ILLEGAL ARGUMENT® 


NEL X “SET 29 3eAaMyXORyCOMX 

» WHEN THE ABOVE DIRECTIVE IS ENCOUNTERED, IF A TS LESS THAN 

« ZERO THEN THE MESSAGE "ILLEGAL ARGUMENT® WILL BE PRINTED. IF 
» A TS NOT LESS THAN ZERO, NO MESSAGE WILL BE PRINTED. IN 

e EITHER CASE, THE LINE NELX WILL BE PROCESSED NEXT. 
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ERROR, B<O18>15,ILR C'ILLEGAL REGISTER’ 


PSRL LPD,2 8 

| SKIPTO NEWL 
ILR ERR 
NEWL CONT 


WHEN THIS ERROR DIRECTIVE IS ENCOUNTERED, IF O€8<155 ND 
MESSAGE IS PRINTED OUT AND THE LINE PSRL IS PROCESSED, 
FOLLOWED BY LINE NEWL. IF 8<€0 OR 8¢€15, THEN THE MESSAGE 
"ILLEGAL REGISTER” WILL BE PRINTED AND THE LINE ILR IS 
PROCESSED, FOLLOWED BY THE LINE NEWL. IN THIS EXAMPLE, "LPD* 
AND WERRY ARE USER-DEFINED PROCEDURES. 


ee « © © #» @ 


427.2 FLAG ~ CONDITIONALLY SET ERROR FLAG 


A FLAG pseudo instruction produces an assembly error, but does 
not affect other code. 


pone eee ee $e ee we oe ee pe ee 0 te see ee ee a ee ene a ee a VO oe a a ee i 
Habel loperation argument 
Seen $rene nn --- rs 
| ]FLAG jerrtype 
errtype FATAL ~ a Fatal error detected. 


WARNING - a non-fatal error detected. 
Example: 
FLAG FATAL 
4.8 LISTING CONTROL 
The instructions described in this section permit extensive 
control of the assembly listing format. 


4.8.1 LIST - SELECT LIST OPTIONS 


+ a a am we ee me + ee aw eas ae of: ee ee ee ee ee > a a ee 
label loperation jeraueent 

Fe eee ee ee ee ee eee 
| icver sess oa er eno 


The LIST pseudo operation controls the assembly listing 
generated. The argument field is used to select the various 
listing options. 


CDC - ADVANCED 


4-29 
SYSTEMS DEVELOPMENT 
BO/1O/17 


CYBER 180 is ASSEMD IEE a Revi F 


4.0 PSEUDO INSTRUCTIONS 
4.8.1 LIST - SELECT ATS? BP TONS 


a a ae Ce AN ED in a cae 1a me ae 


exp_l 


exp_2 


exp_3 


9 


Val is an optional evaluable expression which Is 
interpreted as follows: 


QO = List this statement according to the listing 
controls in effect when § this statement is. 
encountered. 


1 = List this statement according to the value of 
expression 3. This is the default. 


An evaluable expression which may assume the 
following values? 


0 = Suppress complete listing. 
1 = List input statements. 


2 = List input statements plus all statements that 
generate code (VFD, CMD statements that normally. 
would not be listed). 


3 = List all generated statements including internal. 
procedure expansions. 


4 = List all generated statements. 


An evaluable expression used to control the listing 
of unprocessed statements that are by-passed during 
the assembly procedure = and also the repeated 
Statements in a DO/WHILE which normally would not be 
listed. This may occur during the processing of 
SKIPTO, DD and WHILE pseudo instructions. The values 
of the expression are as follows: 


0 = List only processed statements, but not repeated 
DO/WHILE statements. 


1 = List processed statements including repeated 
DO/WHILE statements that are processeds 


2 = List all statements. 
Used to control the listing of the listing control. 


pseudo instructions, TITLE, PAGE, SPACE, XRSY, and 
LIST. The values of this expression are as follows: 


it 


Do not list the Listing control statements. 


1 


u 


List the Listing control statements. 
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The standard LIST parameters established by default are: 
LIST 1,2,1 
Causing a full listing to be generated. Subsequently any of 
these parameters may be altered. A null subfield specifies that 
the parameter {is to be unchanged. If no parameters are 
specified, the LIST options will revert back to their previous 
settinas. 


428.22 PAGE - EJECT PAGE 


+ ee ae oe a ae oe + Ee Te a a> a a a a am se ne ee 00 oe ee oe ee ee ee oe ee ee ee Te ae we a a a 1. = 


[label operation largument 
fooe--- oe oe poem wee wen eee we eee eee e ene 
| PPAGE ! 


The appearance of this pseudo operation will cause the next 
line of output to appear at the top of a new page on the computer. 
listing. If the next line would normally appear at the top of a 
new page, the PAGE pseudo operation is iqnored. Two consecutive 
PAGE directives will generate a blank page. 


4.8.3 SPACE - SKIP LINES 


ten n-n--- re oe re 
| label foperation [argument 

pence n--- wt ere nnn n= ooo 
| [SPACE fexpression 


expression Expression is any evaluable expression. The value of 
this expression specifies the number of lines to be 
spaced before the next line appears on the computer 
listing. 


If the expression is not present, a value of 1 is assumed. If 
the value of the expression is greater than the number of lines 
remaining on the page, the SPACE pseudo operation will have the 
same effect as the PAGE pseudo operation. 

Example: 


SPACE 3 
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4.8.4 TITLE ~ ASSEMBLY LISTING TITLE 


ee ee > se nam 08 se 00 se Sete Stee sae Sp wo me ae we wo ao a ae ee ee ae a se nae a ee ae ae ee a 
| abel foperation fargument 

he ee ew ee 0 ae oe oe we S dionkettrenkentoettenttaateatiaatnatts. dune! A A RO ON Se ee ae ee se ee ED sie a me ae 
| [TITLE {C*character string! 


character string 
Character string is a sequence of any characters (see 
Character Set) up to a maximum of 56 characters. 


The TITLE pseudo instructions enables the programmer to 
specify an identification for assembly listing. 


When a TITLE pseudo instructions is encountered, the assembly 
listing is advanced to a new page (if it is not already at a new 
page). The indicated character string is printed at the top of 
this page and at the top of all succeeding pages until. another 
TITLE pseudo instruction is encountered or the end of assembly is 
reached. 


A null argument field on a TITLE pseudo instruction line will 
cause the listing to be advanced to a new pages but no heading 
printed. 

Examp le? 
TITLE C*TESTCODE® 


428.5 XRSY - CONCORDANCE SELECTION 


$eoeerwnn- peeennn- =~ few e ewe nnn ewe wn awa 
llabel loperation {argument 

oe Oe a ooo 
| TXRSY aanelsccesnanen 


The XRSY pseudo operation is used to select certain symbols to 
be included in the concordance. 


namen Namen designates symbols to be included in the 
concordance. 


Example: 


XRSY XO 
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4.9 SECTIONS 


Sections are established for the user by the Assembler, and 
optionally by the user. The concept of sections is valid only: 
for CPU programs. An I0U program has only one sections the code 
section, which can be reads written, and executed. Sections in a 
CPU module are established with differing levels of access to 
allow the user who uses them protection for code and data. The 
concept of sections is similar to the hardware concept of 
segments. Hardware segments are established to have different 
levels of access, and generally so are the Assembler sections. 
However, sections can be established with the same level of 
access, and they will then be combined into the same hardware 
segment s 


Sections can be used to establish a blocking of data and code. 
The section counter is automatically maintained by the Assembler, 
but can be modified by using the ORG, POS or BSS pseudo 
instructions. 


Data and code within a section is not relocatable. The 
sections are treated as relocatable with references made via the 
use of pointers. The CYBER 180 instruction set has been designed 
to efficiently access data and code in other sections via a 
mechanism of pointers to a byte address plus an offset in the 
specific section. The pointers are generally established via the 
ADDRESS pseudo instruction In the BINDING section. 


4.9.1 SECTION - ESTABLISH BLOCK 


SECTION establishes a new block. This statement is valid only 
for a CPU module. A user may establish up to 10 sections in 
addition to the five default sections established for him. Al} 
SECTION pseudo Instructions must appear before any code or data 
generation instructions are specified. 


porennn--- mw ee ee wn fe wn eee nen eee enn ene n = 
| label operation largument 
ee fem ee wane ee a 
[name [SECTION Peyoesathr sel apalonimaxsize 

name (Required) Internal section name for USE b Tock 


definition. 


type (Required) The section type Identifier which must be 
one of the following names: 
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CODE Code section, only one code section is 


permitted per module. 

BINDING Binding section, only one binding section 
is permitted per module. 

WORKING Working storage section. 

COMMON Common block section. 

EX TWORK Extensible working storage section. Data 
may not be established in sections of this 
type at Assembly time. 

EXTCOM Extensible common block section. Data may 
not be established in sections of this 
type at Assembly time. 


(Required) An absolute expression which specifies 
legal combinations of access attributes of the 
seqment to contain the section. Only the a9 
operator is permitted In the expression. 


READ - Read 

WRITE - Write 

EXECUTE - Executable 

BIND ~ Binding 

CACHE_BYPASS ~- cache bypass (hardware feature) 


(Optional) Common section name (1-31 character alias 
name). 


(Optional) Two absolute expressions separated by a 
comma which define section alignment. The first 
parameter {s an offset, the second is the base 
(modulus). 

Examples are: 


0,8 - Word aligned section start. 


B,64 - Section starts at word one of an 8 word block 
boundary. 


0,8 - Word aligned section start (default for al} 
sections except binding sections). 


{Optiona!) Absolute evaluable expression which 
specifies the maximum section size. 


following default sections are established by the 


Assembler for a CPU module: 


Section Name Attributes 
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“CODE ReadtExecute 


WORKING Readt+Write 
BINDING Read+Bind 
STACK Readtwrite 


© The name on the IDENT card can also be used to reference 
CODE section. 


Example: 
DUMMY SECTION WORKING, READFWRITEs, s058 


429.2 USE - USE BLOCK 


The USE statement is valid only for CPU modules. 


F 


oe a a 


a 1: ae 


the 


USE 


starts/resumes use of an already established section into which: 


code is subsequently assembled. 


foe ee ween fon n nw ne oe fo we ee ee ee 
label operation largument 
fone en neo $e ee meme we $aoceee= ee ees 
i TUSE }name 

name The name of the section into which the text that 


follows is assembled. {It corresponds to the name of 
a SECTION pseudo instruction). A blank name causes 
the assembly of code into the default CODE section. 
The name A#LASTSEC will resume using the section in 


use prior to the last USE statement. 


The current position in a section is automatically maintained 
by the Assembler. When the USE pseudo instruction is executed, 


the section counter will automatically be restored to 
previous value. 


Example: 
DUMMY SECTION WORKING, READtWRITE, »0,8 


USE DUMMY 


USE HLASTSEC 


its 
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4.9.3 DRG - SET SECTION COUNTER 


The ORG pseudo instruction specifies the unit (bytes for CPU 
or words for [0U) offset to which the section counter is to be 


set. 
porenn ewe n a weer ween ene 
Habel loperation per gunene 
| Secletiententenieateeenten $e ee ee ee fe re ee ee ee ee ee ee ee eee 
llabet {ORG iene 
label Optional, if present, is set to the value of exp. 
Symbol category equals 6. 
exp An absolute expression specifying the address to 
which the unit offset is to be set. Any symbols in 
the expression must have been previously defined. 
Example; 


TAG BSS 10 eDATA AREA. 


ORG TAG  .STORE IN DATA AREA. 
4.9.4 POS - SET BIT POSITION IN THE SECTION COUNTER 
The POS pseudo instruction sets the value of the bit offset in 


the section counter to the value specified by the expression in 
the argument field for either CPU or I0U modules. 


he ee ae ae ae ae oe ee fee ne ee ee ea ae fh ee ce se sae ee ae a Mee OO a a an ee me ae a ee 
[label loperation largument 
$ecnnen--- few en en en ee Hee ewe we eee ween wee ee 
| yepns | aexp 
aexp An absolute, evaluable expression having a positive 


value less than or equal to the bit position with a 
unit {byte for CPU or word for [0U). A negative 
value, or a value greater than 7 for a CPU module, or 
a value greater than 15 for an I0U module causes an 
error. The value indicates the bit position within 
the current address unit at which the Assembler Is to 
generate the next data. Use caution, because if the 
new bit position value is tess than the old bit 
position value, part of the byte is reassembled. 
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(New code is DRed with previously assembled data). 
If the new bit position value is greater than the old 
bit position values the Assembler generates zero bits 
to the specified bit position. 


CAUTION: If the POS pseudo instruction is used on a word 
containing relocatable or external! addresses, undefined 
results may occur with no diagnostics. 


The POS pseudo Instruction does not alter the unit offset 
(byte for CPU or word for [0U). The POS instruction never causes 
the unit (byte for CPU or word for I0U) to be changed. 

Example? 
POS 3 
4.9.25 BSS - STORAGE RESERVATION 

The BSS pseudo Instruction reserves memory in the section in 

use by adjusting the addressable unit offset (bytes for CPU or 


words for I[0U). It does not generate data to be stored in the 
reserved area. 


toe nn nn n=- Hence nen Powe e enn ene meee en ene ee 
label peperetion largument 
fw eee en ep en ee enn $e ee ee eee ee ee ee 
l label ieee J aexp 
labe} Nptional label defined as the addressable unit offset 


after the force to an addressable unit boundary 
occurs. It is the beginning symbol for the storage 
area. Symbol category equals 6. 


aexp Absolute expression specifying the number of 
addressable storage units to be reserved. All. 
symbols must be previously defined. Aexp cannot 


contain external symbols or be relocatable. The 
value of the expression can be zero or positive, but 
not negative, and the value Is added to the 
addressable units offset. A BSS 0 causes a force to 
byte boundary and symbol! definitions, but no storage 
is reserved. 


Example? 


TAG BSS 5 
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4.926 ALIGN - FORCE SECTION COUNTER ALIGNMENT 


The ALIGN pseudo instruction forces the unit offset to the 
specified boundary (byte for CPU module, word for I0DU module) and 
sets the bit offset to zero. 


ee wee wee ce ee ae oe oe sae ae Selene tens ieentontantonthand ee ee St 
| label loperation largument 
tan en ee own nee eee few w en we ee ee -- 
| label J ALIGN jMiepemenesuniecice 
label Optional label defined as the unit offset after the 


force to the specified offset plus increment occurs. 
Symbol] category equals 6. 


increment The Increment is a value that is added to the unit 
offset after the alignment is made to a unitsize 


boundary. 
unitsize The unitsize specifies a value by which the unit 
offset must be evenly divisible. The number 


specified must be greater than zero. To do this», a 
number between 0 and unitsize -1 is added to the unit 
offset to make it evenly divisible. 


Example: 


ALIGN 0,2 «PARCEL BOUNDARY (CPU). 
ALIGN 0,8 eWORD BOUNDARY (CPU). 


4.10 PROCEDURES 


A procedure definition is a sequence of source statements that 
are saved and then assembled whenever needed through a procedure 
calle <A procedure cal! consists of the occurrence of the 
procedure name in the operation field of a statement. It usually 
includes parameters to be substituted for formal parameters in 
the procedure code sequence so that code generated can vary with 
each procedure call. 


Use of a procedure requires two steps, definition of the 
procedure sequence, and calling of the procedure. 


A definition consists of three parts: heading, body, and 
terminator. 


Heading A PROC definition ts headed by a PROC pseudo 
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instruction initiating the definition of a procedure, 
and a PNAME pseudo instruction stating the name of 
the procedure. 


Body The body begins with the first statement in a 
definition after the heading. The body consists of a 
series of symbolic instructions. All instructions 
other than PEND, including other procedure calls are 
legal within a definition. Within a PROCEDURE, calls 
can appear to other Procedures, but a PROCEDURE 
cannot call itself nor can any PROCEDURE In a nest of 
calls call any other PROCEDURE previously in the 
nest. PROCEDURE definitions cannot be nested. That 
iss a PROC pseudo operation must be followed by a 
PEND pseudo operation prior to the appearance of 
another PROC pseudo operation. The overall order of 
PROCEDURE definition is immaterial so long as the 
definition precedes the first call to assemble the 
PROCEDURE (i.e. a procedure call within a procedure 
definition may reference a procedure that is not 
defined prior to this point). 


Terminator A PEND pseudo instruction terminates a procedure 
definition. 


A procedure can be defined anywhere in a program before it is 
called. When the Assembler encounters a definition, it places 
the name of the procedure along with the number of substitutable 
parameters and local symbols fn the Assembler operation code 
table. 


4.10.1 PARAMETER REFERENCING WITHIN PROCEDURES 


Parameters on a procedure call can be referenced using the 
Field function "F:" and specifying the position of the parameter. 
The position of the parameter is indicated by using an (i,j) 
notation to describe where on the procedure call the parameters 
should be gotten. Using the (i,j) notation, i describes the 
field number (label field = 0, operation field = 1, argument 
field = 2), and j describes the position in the field starting at 
0. An entire field may be referenced by just quoting the first 
parameter. 


When a label is specified on the PROC statement, that label is 
equated to the Field function and can optionally be used instead 
of F: (the colon is part of the Field function name). For more 
information, refer to the section discussing the PROC statement. 
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e-em ee ee ei ee an ae ee ee ee es 


Using F: notation, the i**th field and the j**th subfield of a 
Statement is referenced as! 


Fi(isj) 
A reference to the entire i**th field would be: 
F3 (i) 

References to a particular field or subfield may occur. 
anywhere that such a reference has meaning. Each reference acts 
as a direct substitution of the referenced subfield into the 
referencing entity. The actual substitution mechanism can have 
several meanings which are discussed in subsequent chapters. 
4.10.1.1 Parameter Identification Examples 
« THIS EXAMPLE SHOWS HOW RELATIVE FIELD IDENTIFICATION WORKS. 

CONSIDER TRANSLATION GF THE FOLLOWING LINE: 

IMPERAT ADD s344 ADDEND, AUGEND MOVE 95496 DEST, SOURCE 


DURING PROCESSING OF THE OPERATION: 


. F2{0) = IMPERAT 

. F2{1,0) = ADD Fi(i,l) = 3 F2{1,2) = 4 
° F2(2,0) = ADDEND F2i(2,1) = AUGEND 

» F3(3,0) = MOVE F2(3,1) = 5 F2(3,2) = 6 
° F2(4,0) = DEST F2(4,1) = SOURCE 


4210.2 PROC - PROCEDURE HEADING 


The PROC pseudo instruction is the first pseudo instruction. 
which must be given in the process of defining a PROCEDURE. This 
pseudo instruction may contain an optional label field. 
Following the PROC pseudo instruction must appear the statements 
which comprise the entire PROCEDURE being defined. The 
appearance of the PROC pseudo instruction initiates definition of 
a PROCEDURE. All statements which follow the PROC pseudo 
instruction up to and including the first encountered PEND pseudo 
instruction will be included as part of the PROCEDURE being 
defined. 


The PROCEDURE being defined will be considered terminated when 
the first subfield of any subsequent DPERATION field contains the 
pseudo instruction PEND. All statements of the PROCEDURE which 
lie between the PRONC pseudo instruction and the next PEND pseudo 
instruction are considered to be the body of the PROCEDURE. 
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Within this PROCEDURE body, the first subfield of any subsequent 
OPERATION field prior to a PEND pseudo instruction cannot contain: 
another PROC pseudo instruction. 


foe own a se san caw lp sin sa sam a ta sa ane a am ae fe om ae ee ame a eth an a SD a tn tae a a me ae ae ee oe om 
I tabel operation Jargument 
pe ee ow ee ee ee ee hp ee 0 we ne ee ee oe F shomkonheatten tae tenton kort iontnentondtetiaalonaeeadmadond F ioateenieadonticasd 
I label |PROC | 
label Optional, the label field of a PROC pseudo 


instruction contains a symbol, this symbol] can then 
be used as a field function name within the procedure 
body and also by any other (nested) procedures. Note 
that the label is defined only while the procedure is 
active f{referenced), and cannot be used to call the 
procedure. 


The label on the PROC pseudo instruction line is 
normally used within the PROCEDURE followed by field 
and subfield notation to reference the actual 
arguments by which the PROCEDURE was called. If no 
label appears with the PROC pseudo instructions then 
the parameters by which the procedure is called can 
be referenced only by using the F? notation described 
in the previous section. 


Examples can be found In the section entitled "Procedure 
Examples”. 


4.10.3 PNAME - PROCEDURE NAME DEFINITION 


The PNAME pseudo instruction is used to provide a name by 
which a PROCEDURE can be referenced. The PNAME pseudo 
instruction must immediately follow the PROC, FNAME, or another 
PNAME pseudo instruction when a PROCEDURE is being defined. Any 
PROCEDURE may have multiple PNAME pseudo instructions and, 
therefore, be referenced by several names. 


penn nnn peer e nee --- peewee ene ne eee nee oo 
[label loperation Ver garment 
tigsel TpNAKE isis 
label Name by which the procedure is referenced, 
value An evaluable expression. 


Within the PROCEDURE, the value of the expression following 
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the name by which the PROCEDURE was actually referenced is 
available as F2(1,0). This permits the programmer to distinguish 
between referencing names, when desired, 


A PROCEDURE is referenced (as a procedure) by placing one of 
its defined PNAME*s in the first subfield of a OPERATION field. 
The expression which represents the value associated with the 
PNAME is evaluated each time the PROCEDURE is referenced using 
that name. 


Examples can be found in the section entitled Procedure 
Examples. 


4.10.4 FNAME - FUNCTION NAME DEFINITION 


The FNAME pseudo operation is used to provide a name by which 
a PROCEDURE may be referenced as a FUNCTION, The FNAME pseudo 
operation must immediately follow the PROC, PNAME or another 
FNAME pseudo operation when a PROCEDURE is being defined. Any 
PROCEDURE may contain multiple FNAME pseudo instructions and, 
therefore, be referenced by several names. 


fe = ee ee 5 ee ee ee ee — 
HVabel- _loperation largument 
eee pe we ae we ee ee ee ae fnew ewe ween ee we ee ae ee nme 
| label J FNAME |value 
label Name by which the procedure is referenced as a 


function. 
value An evaluable expression. 


Within the PROCEDURE, the value of the name by which the 
PROCEDURE was actually referenced is available as F2{1,0). This 
permits the programmer to distinguish between referencing names, 
when desired. 


A PROCEDURE is referenced (as a function) by forming a 
structure: 


name(argument) 


Where name is its defined FNAME and argument is the argument to 
the PROCEDURE. This bounded argument, less parenthesess is 
available, starting at F:2,s0), just as if the PROCEDURE was 
referenced as a procedure (via PNAME). The argument is limited 
to one field, although it may contain as many subfields as 
necessary. No blanks may appear between the argument and = the 
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enclosing parentheses. The expression which represents the value 
associated with the FNAME is evaluated each time the PROCEDURE is 
referenced using that name, 


A PROCEDURE, referenced using one of Its FNAME*s will have the. 
entire reference replaced by the value of the expression on the 
PEND pseudo instruction when the PEND pseudo [Instruction is 
executed. This value will always be 8 bytes long. 


Note that a Function may not generate code or change location 
counters if it is invoked from a statement which, itself, is 
generating code. 


Examples can be found in the section entitled "Procedure 
Examples". 


4.10.5 PEND - END PROCEDURE DEFINITION 
A PEND terminates any unterminated definition. A PEND outside 


the range of any procedure sequence has no effect other than to 
be included in statement counts. 


fee ewe ee ee Se edie. shenbetondiaartantendienteatertentcedkortentetentententeekomtenentantenten 
label loperation largument 
Soci eeaterte ata! : deleaienteieteeenbeteen fee ee ew eee eee ween 
J label }PEND {exp 

labe] (Optional) May be used as the object of a skip by a 


SKIPTQ or ERROR statement. The label symbol is not 
entered into Assembler's symbol table and the 
presence of a tabel does not constitute symbol 
definition. 


exp The argument field can be null or can be an evaluable 
expressione When the PROCEDURE is called as a 
procedure reference, any PEND expression Is ignored. 
When a PROCEDURE is called as a function reference, 
the PEND expression is evaluated and the value is 
returned as the value of the function. A null 
expression returns the value zero. 


Examples can be found in the section entitled “Procedure 
Examples". 


4.10.6 LOCAL - ESTAS8LISH LOCAL SYMBOLS 


The LOCAL pseudo instruction is used to establish symbols 
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which are to be considered local to the PROCEDURE In which they 
are defined. The appearance of a LOCAL pseudo - instruction 
supersedes all previous LOCAL pseudo Instructions in that program 
or PROCEDURE and all symbols previously declared local are 
erased. A PEND or END line terminates the LOCAL. 


pone w ene $meneweenn- eee en we eee een eee 
label loperation verguert 

Pewee a wwe foe w wwe www aww eww owe ee A A Aa a SO a se 
] {LOCAL ii eee 


namelssesnamen Establish symbols local to a procedure. 


A symbol may not be defined as LOCAL if Its symbol! category Is 
one of the following: 


2 CMD defined instruction 

4 PROCEDURE call 

10 PROCEDURE Reference List 

12 ANAME defined symbol (programmer defined attribute) 
13 Section counter 


Examples can be found in the = section entitled “Procedure 
Examples”™. 


4.10.7 OPEN ~- DECLARE TEMPORARY SYMBOLS 


The OPEN pseudo Instruction is used to declare temporary 
symbols without affecting any prior use of the label. A label 
declared by an OPEN pseudo instruction remains active until 
closed by a CLOSE pseudo instructio using the same label. OPEN 
pseudo instructions may be nested using the same label. The 
label created under the last OPEN pseudo instruction executed 
will be active until closed. It is important to note that 
closing opened symbols takes place in reverse order from the 
opening process. That Is, the last open symbol is closed first, 
then the next-to-last, etc. Subsequent OPEN pseudo instructions 
only affect each other if they use the same symbols otherwise 
they act independently without cancelling prior OPEN pseudo 
Instructions as is the case with LOCAL pseudo instruction. 
Definitions of DPEN*ted symbols are restricted in the same way as 
LOCAL symbols. 


gow wwe ee wwe mw we we we ow few ewe wae wee ewe Se a: a 
Hlabel voperatier largqument 
eo i i a 4b a a ae 2D wee ap a ea ee ee a 1 ae ee es a a ae a a a a a oe ae a a a ae 1 ae ae ee a = 


| 1OOEN ee 
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namel,ecsgces;namen. 


Examples can be found in the section entitled "Procedure 
Examples”. 


4.10.8 CLOSE - ERASE TEMPORARY SYMBOLS 


The CLOSE pseudo Instruction erases the symbols whose names 
are used as arguments to the pseudo instructions. If a symbol 
has been opened by more than one OPEN pseudo instruction, then 
CLOSE only erases the fast OPEN and the symbol usage then reverts 
to its usage under the previous DPEN. If there was only one DPEN 
associated with the symbol, the symbol becomes non-existent and 
is completely erased. It is illegal to CLDSE a symbol that has 
not been opened. 


few cee we wee www we we ee fe em em Cee ae OR se ee ee a a eae mee <a ae oa 
Macatee loperation largument 
co ic et cs a Si a a esas Se ale ad ee, itn ams wi 
1 {CLOSE jqanelsocesnamen 
namel,s.s..enamen Erase temporary label field symbols with 


names namel,...namen,. 


Examples can be found in the section entitled “Procedure 
Examples*®. 


4.10.9 CONT - NO DPERATION 


The CONT pseudo instruction is used to place a symbol! on a 
statement only for the purpose of assembly time transfer of 
control. The CONT pseudo instruction functions in all other 
respects aS a no~rop.s 


tan---~ ee eee Sara we ewww ne ween wee 
[labe] sopererton Vergueete 
hee eee we we wee ew ae tw cee 0 ee een tom a a ae ee ma tae a 0 ee a ms ae ae 
[label can i 
labe} {Required) Symbol used for. transferring contro] 


during the assembly process. The symbol is not 
entered in Assembler's symbol table and use of a 
symbol in the labe! field does not constitute symbol 
definition. 


Examples can be found in the section entitled "Procedure 
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Examples”. 


4.10.10 PROCEDURE CALLS 


A procedure headed by the PROC pseudo instruction can be 
called by an instruction in the following format? 


$oceeenn-- $n ce ew enn $ownne ow en oe een eee ene 
| label | operation! argument 
feeeen---- fe ne fen ee ee ne eee eee ene 
label | procname H field1,field2,...fieldn 

label Optional, its value can be retrieved from within the 


procedure's body by the F:(0) field Function. 


procname Name of a predefined procedure (label on PNAME). 
fields One or more fields which might consist of several 
subfields. 


A defined PROCEDURE may be referenced using any one of its 
names as defined by a PNAME or FNAME pseudo instruction. This 
name {is written as the first subfield of the OPERATION field. 
The remainder of the OPERATION field and as many argument fields 
as necessary can follow the OPERATION subfield and contain the 
arguments to the PROCEDURE. The Assembler Is capable of handling 
as many arguments as the user wishes to provide. 


Parameters passed to PROCEDURES are call_by name in that a 
parameter is evaluated each time it is referenced within the body 
of a PROCEDURE. Any previous statements within the body of the 
PROCEDURE which have changed the value of a given parameter will 
affect later references to the parameter. Any OPEN or LOCAL 
pseudo instructions within the body of a referenced PROCEDURE 
which declare labels with the same symbol as a label passed as a 
parameter will not affect the parameter being passed. 


It_is_the actual.call_ toa PROCEDURE which requires that it be 
defined and not just the_appearance.of_a_call in an Assembler 
Statement. Unexecuted calls do not require that the named 
PROCEDURE be defined. 


4.10.11 PROCEDURE EXAMPLES 
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&.,10.11.1 Procedure Definition 


THIS IS AN EXAMPLE OF THE USE DF PROCEDURES. THE 
PROCEDURE STATEMENTS (THOSE APPEARING BETWEEN A PROC AND 
A PEND DIRECTIVE) ARE NOT PROCESSED UNTIL THE PROCEDURE 
NAME APPEARS IN THE DPERATION FIELD OF A STATEMENT BEING 
PROCESSED. IN THIS EXAMPLE, AFTER THE STATEMENT LABELLED 
“CALLING” YS ENCOUNTERED, PROCESSING DF THE STATEMENTS IN 
PROCEDURE *“SAM™ BEGINS. WHEN THE PEND DIRECTIVE IN *SAM* 
TS ENCOUNTERED, PROCESSING RESUMES AT *"NEXTLINE*. 

SAMR PROC 


* ¢ # #© 8® © &© © 


SAM PNAME 5 

A SET F2(2,0) eF3(2,0) REFERENCES xX*3 
B SET Fs{2,1) eF3(2,1) REFERENCES ZXT 
F2{2,2) ANAME 6 eASSTIGNS NAME INDEX TO 


eATTRIBUTE NUMBER 6 


MAX SAMR2(252),SAMR2(2,1) 
PEND 
PROC 
MAX PNAME 
F:(2,1) ATRIB F2(2,0),5 e INTERPRETED AS? ZXT ATRIB 
PEND » Fs REFERENCES LINE CALLING 
° « MAX, 
» « SAMR REFERENCES LINE 
CALLING 
° « ‘SAM 


CALLING SAM X*3_ZXT» INDEX 
NEXTLINE VFD,16 ZXT 


» THE ABOVE CODE IS EQUIVALENT TO: 


A SET X=3 

B SET ZXT 
INDEX ANAME 6 

ZXT ATRIB INDEX,5 


NEXTLINE VFD,16 ZXT 


« THE FOLLOWING EXAMPLE INVOLVES TWO DIFFERENT DEFINITIONS OF 
e THE LABEL Xs THE NET EFFECT OF THIS CODE [IS TO SET THE VALUES 
» OF X AND Y TO 7: 


PROC 
ZED PNAME 
LOCAL X 
x SET 2 
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F2(2,0). 


Y 


SET 
SET 
PEND 


2 


SET 
ZED 


F2(2, 
F2(2 


5 
x 


0)+X 


70) 


eWHEN EXECUTED LOCAL X NO LONGER EXISTS 


eGLOBAL X 
»GLOBAL X AS PARAMETER F2(2,0) 


THIS PROCEDURE DEFINES A SET OF INSTRUCTIONS FOR THE C180 CPU 


EACH DPERATION CODE IS SPECIFIED AS A PROCEDURE ENTRY NAME 
HAS THE MACHINE CODE AS THE VALUE. 


INSTRUCTIONS ARE IN THE FORM oP R1,R2 WHERE 


. WHEN 

. THESE 

| PROC 
ADDR PNAME 
SUBR PNAME 
MULR PNAME 
DIVR PNAME 
SR PNAME 
F3(0,0) 


20(16) 
21(16) 
22(16) 
23(16) 
18(16) 


R1 AND R2 SPECIFY REGISTERS. 


VFD,8.454 F3(1,0),F2(2,1),F2(2,0) 


PEND 


4.10.11.2 LOCAL Directive's Use 


smo fhe 


ee MS 


SET 


PROC 
PNAME 
LOCAL 


SET 
SET 
SET 


A,B,C 


THIS [8S A GLOBAL A" 


ANY REFERENCES TO Ay By, OR C WITHIN THE 
EVAL PROCEDURE SIGNIFY SYMBOLS LOCAL 
LOCAL "A" 

GLOBAL "D*, LOCAL *A* 

LOCAL *B", LOCAL *A*® 

AT THIS POINT, VA2(A) = 7, VAZ(B) = 7, 


GLOBAL "C¥, GLOBAL *A™ 
VAz(C) 


il 


AT THIS POINT, VA?(A) = 5, 


’ 5 
VA2(D) = 7, AND VA:{(E) = 7 
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The Assembler provides a set of built in functions to assign 
and/or retrieve values of a symbol attribute. They are usually 
used to aid in parameter analysis in procedure and function 
definitions. : 


An attribute function Is a replacement operation in. which the 
value of the specified attribute replaces the function in the 
expression. The permitted arguments to an attribute function are 
defined later in this section. 


The set of Symbol Attribute Functions (SCt, VAS, LB, LCS, 
Lw:, S82 and SN2), and the basic Field Reference Function ("F:" 
used for parameter referencing), all include the character ‘¢:* 
(colon), which is an alphabetic character within the meaning of 
the Assembler. This character is included as a means of avoiding 
potential conflicts with user-defined symbols, and does not 
represent an operator of any kind. Note that this character must 
be entered in. the NOS ASCII representation. 


The general form of an attribute function is: 
attribute_function_name(argument) 
where attribute_function_name is the name of a specific attribute 
function, and the argument, enclosed in parentheses, immediately 
follows. 

All of the symbol! attributes discussed in the section on 
Symbol Definition have a corresponding attribute function which 
can be used to retrieve that particular symbol] attribute from the 
internal Assembler symbol table. 

5.1 LANGUACE DEFINED ATIRIBUTES 

Al} the attribute functions described in this section are 

bullt into the Assembler. 


Se1.1 SYMBOL CATEGORY ATTRIBUTE ~- SC: 


Format: S$C?3(Cargument) 


The SYMBOL CATEGORY Attribute function is used to determine 
the symbol category assigned to the argument. The argument can 
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be a symbol name or a PROCEDURE reference field specification. 
This function returns the value of the category and may be used 
for testing. When the argument refers to an expression rather 
than a symbol, the category of the expression will be the 
category of the first term in the expression. The category of a 
NULL subfield in a PROCEDURE reference is zero. The Symbol. 
Category attribute has the following values and meaning: 


Category Meaning 


0 Non~existent symbol. The symbol in question has 
not been encountered by the Assembler. The 
existence of a blank LABEL field can be detected by 
this category. 


1 The symbol has appeared in a LABEL field, may have 
certain attributes, but no operation has taken 
place to further define the symbol. After each 
Statement is processed, any remaining category 1 
symbols are erased from the symbol! table, unless 
they have programmer defined attributes. 


2 The symbol has been defined by a CMD oseudo. 
instruction and is now recognized as an instruction 
generating symbol. 


3 The symbol is an Assembler defined function. 

4 The symbol! is a PROCEDURE call, defined by an FNAME 
or PNAME pseudo instruction. 

5 The symbol is an Assembler pseudo instruction. 

6 The symbol is a relocatable address defined by use 


in a code generating statement such as VFD, INT, 
DINT, FLOAT, OFLOAT, PDEC, BSS, BSSZ,y ADDRESS», ORG, 
ALIGN, or by the execution of an instruction 
generating symbol defined by a CMD pseudo 
instruction. 


7 The symbol was defined by a REF pseudo instruction. 
8 The symbol is the symbol. "$" (section counter). 
9 The symbol is a list name defined by a SET or EQU 


pseudo instruction or as the label of a DO or WHILE 
pseudo instruction. 


10. The symbo! is a list name of a symbolic list 
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holding PROCEDURE references. The symbol was 
defined by a PROC pseudo instruction (see 


PROCEDURES). 
11 The symbol is a self-defining term. 
12 The symbol is defined by an ANAME pseudo 


instruction. 


13 The symbol is a list defined by a SECTION pseudo 
instruction. 


Symbols defined in the label field of pseudo instructions 
where the label field is not ignored will have the symbo! 
category documented for that instruction. Symbols defined in the 
label field of the symbolic machine instructions will have a 
Symbol Category of 6. 


521.2 ADDRESS MODE ATTRIBUTE 


Format? AM3?(argument) 


The ADDRESS MODE attribute function is used to determine the 
relocatability of the argument. The argument can be a symbol 
name or a PROCEDURE field reference specification. This function 
returns the value 1 if and only if the arqument is defined and 
relocatable. Otherwise, it returns a value of zero. When the 
argument refers to an expression rather than a symbol, the 
ADDRESS MODE will be the ADDRESS MODE of the first term in the 
expressions When the symbol is the symbol "$", the address mode 
value will be 0. 


521.3 VALUE ATTRIBUTE 


Format? VA?:(Cargument) 


The VALUE attribute is used to determine the value assigned to 
the argument, where argument is either a symbol or a PROCEDURE 
field reference specification. The meaning of the VALUE 
attribute varies with the symbol category of the argument: 


SYMBOL _CATEGORY VALUE and/or MEANING 


Oooo 


0 
1 
2 
3 
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4 The value of the PNAME/FNAME symbol when the 

procedure is called. 

5 0 | 

6 (Integer) address assiqned to the symbol. 

7 0 

B The current integer location counter value. 

9 The value of the first element of the list. 

10 me) 

11 The (word) value of the self-defining term. 

12 The value Is the programmer defined attribute 


number assigned to the symbol. | 
13 | The vatue of the first element of the Tlist 
{the integer location counter). 


The value of an expression is the net value found by 
evaluating the expression. A NULL field or subfield has the 
value of zero. 


The VALUE attribute function is processed in a similar manner 
to normal expression evaluation, except that errors caused by 
invalid use of symbols are suppressed. 


521.4 LENGTH ATTRIBUTES 


Format? LB:{argqument) 
| LC? (argument) 
LW: (argument) 


The LENGTH attribute is used to determine the length in bits 
(LB3), bytes or cells (LC2), or words (LW?) of the argument, 
where the argument [s a symbol representing a data or Instruction 
area assigned by the Assembler in either a CPU or an IDV) module. 
A CYBER 180 CPU word is 64 bits long and an [0U word is 16 bits 
long. 


The LENGTH function rounds up to the next integral number of 
units in cases where the bit length of the argument is not an 
exact multiple of the defined character or word. LENGTH returns 
the value 0 if a symbol] has not been defined at the time the 
evaluation of LBs, LC, or LW: takes place. 


As explained in the section on SYMBOL DEFINITION» a symbol 
acquires a length attribute when it becomes defined by appearing 
in the LABEL field of a data generating pseudo instruction. This 
length attribute is the quantity of storage assigned to the 
information labeled with the symbol. A Self-Defining Term has a 
LENGTH attribute assigned to that term based on Its structure. 
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If the symbol has been defined with a code generating pseudo 
instruction (category 6) then the bit length is given by the 
total number of bits generated by the statement. Applicable 
pseudo instructions include VFD» INT, DINT, FLOAT, DFLOAT, PDEC,. 
BSS, BSSZ, ADDRESS, and CMD calls. A character is assumed to be 
B bits, and the word size is taken to be 64 bits for a CPU 
module, 16 bits for an IDU module. 


If the argument is a self-defining term, the length is 
determined based on its structure. A character string (types C 
and —) have a character/byte length equal to the number. of 
characters in the strings a bit length of 8*LC. For all other 
types of self-defining terms, the bit length is equal to the. 
appropriate CYS8ER 180 word size. 


5e1.5 STARTING BIT POSITION ATTRIBUTE 


Format: SB: Cargument) 


The STARTING BIT POSITION attribute is used to determine the 
value of the BIT offset in the stored byte at the time storage 
was assigned to the arqument. This function has a zero value for 
all arguments whose symbol category is not equal to 46. The 
STARTING BIT POSITION attribute for an expression is the STARTING 
BIT POSITION attribute of the first term in the expression. The 
STARTING BIT POSITION attribute of a NULL field or subfield is 
zero. The maximum value for this attribute is 15. 


5.21.6 ELEMENT NUMBER ATTRIBUTE 


Format: EN: (arqument) 


The ELEMENT NUMBER attribute determines the number of 
subfields (elements) associated with or assigned to the argument. 
The argument can be any list name and the value of the EN: 
function will be the number of elements assigned to the list at 
the time evaluation takes place. Note that a symbol name becomes 
defined as a list only by appearing in the LABEL field of the SET 
pseudo instruction. 


When a PROCEDURE field reference is used as an argument to the 
EN? function, then one of two forms of substitution take place; 


a) If the specification contains a field index and no subfield 
index (F2(0),F:2:(1),...etc.), then the count is made against 
the actual subfield elements in the PROCEDURE reference line 
itself. 
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b) If the specification contains both a field AND subfield index 
(F2(0,0),F2(250) 902-etc.), then the count is made against the 
contents of the designated subfield. 


521.7 LAST ELEMENT NUMBER ATTRIBUTE 


Format: EL?(argument) 


The LAST ELEMENT NUMBER attribute determines the element 
number of the last element assigned to the Jist used as an 
argument. For lists with one or more elements: 


EL:(argument) = EN? (argument)-1 
For al! non-list arguments? 
EL?(argument) = 0 


When a PROCEDURE field reference is used as an argument to the 
EL? function, then one of two forms of substitution take places 


a) If the specification contains a field index and no subfield 
index (F2(0),F2(1)555,-etc.), then the count Is made against 
the actual subfield elements in the PROCEDURE reference line 
itself. 


b) If the specification contains both a field AND subfield index 
(F2(0,0),F2(2s0) sees,setce), then the count is made against 
the contents of the designated subfield. 


5e1.8 SYMBOL NUMBER ATTRIBUTE 


Format: SN?{(argument) 


The SYMBOL NUMBER attribute determines a unique value 
representing the symbol. This value is only meaningful when used 
for comparison to test equality with the SYMBOL NUMBER of other 
symbols. If the argument does not correspond to a symbol, then a 
value of zero is returned. 


5e1.9 RELOCATION ATTRIBUTE 


The Relocation attribute is not a property of a symbolic name. 
The Relocation attribute is a function that is used to associate 
relocation information with the generation of data and as such it 
is meaningful only when used in an expression in the argument 
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field of a VFD, CMD, INT» or DINT statement. See the example 
be low. The function is valid only in a CPU module. If the CPU 
module is declared “NONBINDABLE™, then the relocation information 
is ignored. This function must have three (3) arguments. The 
relocation function is called as follows? 


RS(EXP,RCT, ADT) 


EXP An expression defining the byte offset to be used as a 
displacement. If the expression is not relocatable in the 
BINDING section then no Yrelocation”® object text is 
gener ated. The function result is the expression result 
divided, if necessary, as determined by the ADT subfield. 


RCT Defines the relocation container type (width and alignment). 
This applies to the field being generated. {Note that only 
discrete values are permitted.): Unless otherwise indicated 
the field must start on an addressable boundary. 7 


0 = Parcel Size (2-bytes) 

1 = Three Bytes (3-bytes) 

2 = Half Word  {4-bytes) 

3 = Word _ (B-bytes) 

4 = Instre. O-Field (12-bits/MOD 4) 

5 = Instr. Q-Field (2-bytes) 

6 = Long D-Field {3-bytes) ENTC & ENTA Instr. 
Any other value is diagnosed as an error. 


ADT Defines the address displacement type of the field. The 
function result is EXP divided by a constant determined by 
the ADT subfield as follows: 


0 = Byte Positive R2 = EXP 

1 = Parcel Positive R32 = EXP / 2 
2 = Halfword Positive R2 = EXP / 4 
3 = Word Positive R2 = EXP / 8 
4 = Byte Signed R: = Exp 

5 = Parcel Signed Rt = EXP / 2 
6 = Halfword Signed Ri = EXP / 4 
7 = Word Signed R: = EXP / 8 
Any other value is diagnosed as an error. 


EXAMPLE 3 
VFD,16 R2(binding_sect_disp»5.5) 


5.2 PROGRAMMER. DEFINED AITRIBUTE FUNCTIONS 
Any symbol! may be given one or more = programmer defined. 


attributes by first using the ANAME pseudo instruction to give 
each programmer defined attribute a name and then using the ATRIB 
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pseudo instruction which assigns a value to a specific attribute 
of a symbol. The Assembler permits the definition up to 16 
programmer defined attribute names. Each programmer defined 
attribute is given a name and an attribute number using the ANAME 
pseudo instruction: 


INDEX ANAME 1 

BASE ANAME 2 

FREQ ANAME 3 
etce 


Once defined, a programmer defined attribute Function of the. 
form: 


programmer defined_attribute_namel argument) 


may be used in the same way as an Assembler defined attribute 
function to recover the value of a particular programmer defined. 
attribute assigned to the argument. 


When the argument to an programmer defined attribute function 
is an expression, the function value is the value of the named 
programmer defined attribute of the first symbol in the 
expression. 


The names and values can be altered during the course of the 
program assembly using the ANAME and ATRIB pseudo instructions 
discussed in the section on pseudo instructions. 


5e3 SYMBOL ATTRIBUTE EXAMPLES 


Yength aname 1 eLENGTH IS A PROGRAMMER DEFINED ATTRIBUTE 
proc 

data pname 

This procedure generates a character string of data 

in the WORKING section starting on a half-word 

boundary. It will also assign the length in 

bytes as an attribute called length. 


Bal 
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5.3 SYMBOL ATTRIBUTE EXAMPLES 
* label} data charstring 
use working eputs us in working section 
align 0,4 »puts us on a half-word boundary 
f2(0,0) vfd,ib:(f:2(2,0)) f2(2,0) generate data 
F3(0,0) atrib length, 1c2(f2(2,0)) sputs byte length 
use #lastsec 
pend 
labell data C*EXAMPLE?! data procedure call. 
numbyte set Tength(labell) .picks up byte length of string 


» 
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6.0 OFFSET FUNCTIONS (#WOFF, #HOFF, #POFF, #B0FF) 


6.0 OFFSET EUNCTIONS (#WOFF. #HOFFs #POFF. #BOFE) 


The offset functions return the Word, Half-Word, Parcel, or 
Byte offset of an address relative to the beginning of a CPU 
section in which it is defined. For an ID0U module, only Word and 
Byte offset are defined. Use of #HOFF or #POFF in an I0U module 
generates a diagnostic. An informative error will be generated 
if label does not fall on the appropriate boundary. 


The functions are: 


#WOFF (label) CPU or 100 Returns the offset in words. 
#HOFF (labe}) CPU only Returns the offset in half-words. 
APOFF (label) CPU only Returns the offset in parcels. 


#BOFF (label) CPU or OU Returns the offset in bytes. 
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720 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 


7.0 CYBER 180 _ CPU SYMBOLIC MACHINE INSTRUCTIONS: 


The CYBER 180 Assembler recognizes symbolic notation for all. 
CYBER 180 CPU Instructions. Instructions in this group are valid 
only for a MACHINE pseudo instruction type of C180CPU, If the 
MACHINE pseudo instruction type is Ci801I0U the mnemonics listed 
in this section will generate errors. 


The Assembler identifies each symbolic instruction according 
to its mnemonic. The object code for the instruction is 
generated in the block in use when the instruction is 
encountered, For a more complete description of the hardware 
instructions, refer to the CYBER 180 Processor-Memory 
Model-Independent GDS. 


7el SYMBOLIC NOTATION 


This section describes notation used for coding symbolic CYBER 
180 instructions. The CPU Instructions are listed according to 
the CYBER 180 MIGDS Reference Numbers. 


The instruction descriptions are obtained from the CYBER 180 
MIGDS. Lengths will always specify the actual number. The 
Assembler will make any adjustments necessary, as when the > 
hardware requires the length to be entered as length-1. Any D or 
Q field that is adjusted by the Assembler will be denoted by the 
word label in the mnemonic description, and will then be further 
described as to exactly what the Assembler expects for that 
fie Id. 


The label field of a symbolic machine instruction optionally 
contains a label. When the label [Is present, it is assigned the 
value of the byte offset after it is forced (if required) to 
parce! boundary. The symbol category of the label will be set to 
6. 


The operation field of a symbolic machine instruction contains 
an Instruction mnemonic and might also contain several other. 
subfields. 


The argument field contains the instruction operands as one or 
more subfields. 


An optional comment field may appear following the last 
subfield of the argument field. A comment field must begin with 
a period (.) character. 
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The mnemonics chosen are descriptive of the actua! hardware 
operation being performed and will provide for a high degree of 
recognition by the 2nd and 3rd reader of assembly language 
programs. In all cases, the mnemonics are 8 characters or less» 
and in most cases much Jess. This should provide for a certain. 
ease in programming. The rules enforced when defining the 
instructions are: 


© A common abbreviation used when shortening the mnemonics. 


o The first part of the mnemonic describing the action to be 
performed. 


o The second part of the mnemonic further qualifies the type of 
action to be taken (X used to represent a full X register, R 
for right half of an X register, BIT siqnifying operation on a 
bit field, etc.e). 


o The operand fields are written such that multiple subfields 
relating to source or destination are positioned together. 


o Implied registers are written as part of required instruction: 
syntax. 


o The operands are written such that the most significant or. 
resultant register is written first. 


7e2 CPU_INSTRUCTION FORMATS 


The figures in this section illustrate the formats for the 
CYBER 180 16-bit and 32-bit CPU instructions generated by the 
Assembler. For all instructions the Assembler generates parcel 
alignment whenever necessary. 


$a ce enn enn ee ee -- ee oe oe + 

} Operation Code | jit kti it D I 

fo wenn enn nen eee tonne. ee tonne $e 2 ---------- + 
8 4 4 4 i2 


Figure 8.1 CYBER 180 jkiD Instruction Format 
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fee ene-------- fee n pow nn penne pene $a ee eee + 
{ Operation 1st jdt ki Gif D | 
] Code | I | | | | 
Se ee + 

5 3 4 4 4 12 | 


Figure 8.2 - CYBER 180 SjkiD Instructions Format 


For these 32-bit instruction formats: the jr ks and i fields 
provide register designations, the D field provide either a 
Signed shift count, a positive displacement or a bit-string 
descriptor, and the S field provide a sub-operation code. 


fe oe ne ne ne pe ee fawn nt 
| Aperation: Code i jl kf 
fe wee we eee en ne epee ee res 


Figure 8.3 ~- CYBER 180 jk Instruction Format 
For this 16-bit instruction format» the j field provides a 
register designation, a sub-operation codes or an immediate 
operand value and the k field provides a register designation. 


+ > > ab a. a ae ee ee ee a ee a ee 2 ee ee oe pw wow eo } i ah a a a en a a a a ee ae ee ee + 
1 Operation Code | jl ki Q { 
} iP 7 ED ip ap a A a a ee i a ie a ae oe om + > a op - ee we ee a > a a a ee a ee oe oe ee + 


Figure 8.4 - CYBER 180 jkQ Instruction Format 


For this 32-bit instruction format, the j and k fields provide 
register designations or sub-operation codes. The 16-bit Q-field 
provides a signed displacement or an immediate operand value. 


7.3 GENERAL CPU_INSTRUCTIONS 


The CYBER 180 Assembler'’s CPU Instructions Group is subdivided 
into the following classes of instructions according to function. 


72321 LOAD AND STORE 


This sub-group of instructions shall. provide the means for 
transferring datas in the form of a single bits a byte string, a 
64-bit word, or multiple 64-bit words between one or more 
Registers and one or more locations in central memory as 
specified by the individual instruction mnemonic. 
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7e3el LOAD AND STORE 


For the purpose of establishing operand access validity for 
the associated central memory read and write accesses, the ring 
number used for validation is the value of the ring number 
contained in bit positions 16 through 19 of the associated A 
Register. | 


The central. memory operand access type is read-access for any 
instruction which loads an A or X register, and write~access for . 
any instruction which stores an A or X register. 


Instructions which transfer data from one or more Registers to 
central memory, (namely, Store instructions), do not alter the 
contents of any Register which serves as a source of the data to 
be transferred to central memory. 

7321.1 LBYTSsSBYTS-Load/Store Bytese Xk Length Per 5 
a) Load Bytes to Xk from (Aj) displaced by D and indexed by (Xi) 
Right, Length Per S. 


LBYTS - (Format = Sjkid Op Code = DO-D7 Ref# = 001) 


fan en een $------ ee rene me ee een eee - 
[label loperation Jargument 

pon nnn-n--- poe n nnn nn ne owe ee nnn ne oe ee ee e+ 
| [LBYTSsS  IXksAjeXiD 


S$ - number of bytes to load(1-8). 


b) ‘Store Bytes from Xk at (Aj) displaced by ® and indexed by 
{Xi) Right, Length per S. 


SBYTS - (Format = SjkiD Op Code = DB-DF Ref# = 003) 


toeewneen-- ooo fae eee ee wn we ee ee eee “--- 
ilabel loperation er ourent 

, es slp eo a0 cae an on ae a mao tao ae of en 0 eae ae ee ae ate we tee a a a a ee ee tae an 
| isBYTS,5 ea 


S$ - number of bytes to store(1-8). 
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720 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
Te3- 1.2 LAToLX, SXT sX~Load/ Store Words Xk 


Tedele2 LXLeL Xe SX125X-Load/Store Words Xk 


a) Load Xk from (Aj) displaced by 8*D and indexed by 8*(Xi) 


LXI - (Format = jkiOd Op Code = A2 Ref # = 005) 


oe fownnnn-- we fee wee ewe ee woe ene eee 
abel popceericn largument 

$en-2-- oe 0 a 
| isi Xk, AjoXi, label 


label - byte address», must be on a word boundary. 


b) Load Xk from (Aj) displaced by 8*9. 


LX - (Format = jk9 Op Code = 82 Ref# = 006) 


+ Ve sp ame a ae ae ae ee ae he an ae ae ee —_ ap me me hm ee me am oe ee a: 1 a. se me a me an ae a ae i a an ae a ee 
abel operation argument 

few ewww eee ee $e ew oe ee a eee ee wee 
] {Lx [XksAjsylabel 


label - byte address» must be on a word boundary. 


c) Store Xk at (Aj) displaced by 8*D and indexed by 8*(Xi) 


SXI - (Format = jkiD Op Code = A3 Ref# = 007) 


dpe ee 0 ee ee ww 00 ee ee de me ee ee ee dp me ee sae sae 00 ae san coe a ae ee ee ee ee ee ee ee eS 
J label ines nae largument 

fp nw ee oe eae ae ae coe ee ee I ewe ae ee a ae on ee ae ee ae ee ee a ae ae ee a a ae ae 
| isc iiesnikisvanet 


label - byte address, must be on a word boundary. 
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720 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
Tedele2 LXEyLXySK1,5SX-Load/Store Word, Xk 


A OD a HE ED Ae RE ee A ee ee A Se 2 ee ee ee ee ee 2 0 a ee ee ee ee ee ee ee ee ee ee ee 


d) Store Xk at (Aj) displaced by 8*Q. 


SX - (Format = jkQ Op Code = 83 Ref# = 008) 


we scene wae an we em eee Sein eee ee oe a a ee ee a a Sh 0D se te te te om 
[label operation largument 

ee nee oe nae a see sae ee a nee ee a a > se ee a oe ee me a sa 
| 1SX a Ajy label 


label - byte address», must be on a word boundary. 


7o.32123 LBYTsASB8YI-Load/Store Bytes, Ak Length Per x0 


a) Load Bytes to Xk from (Aj) displaced by D and indexed by (Xi) 
Rights Length per X0- 


LBYT - (Format = jkiD Op Code = A4& Ref# = 009) 


oe oe ~2<----- ---- 
llabe} loperation. argument 

tere ------ ee --------- 
] 1LBYT,XO rere: 


b) Store Bytes from Xk at (Aj) displaced by D and indexed by 
(Xi) Right, Length per XO. 


SBYT - (Format = jkiD Dp Code = AS Ref# = O11) 


SF oahanienatinntcntmatantamtins we we eo ap ee ae ne ae we ow ce we ee ee Se se seme ee ee ee se 
| abel loperation Jargument 
$eennn---- foe ew nn nnn Hew en nn ene ee ~~ ~~ ---- 


| [SBYT,XO |Xk, AjeXiyd 
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7.0 CYBER 180 CPU SYMBDLIC MACHINE INSTRUCTIONS 
dae 1.4 cLB yes Load Bytes, Xk Length per j 


7232124 LBYTP-Load Bytess Xk Length per j 


a) toad Bytes to Xk from (P) displaced by Q, Length per j. 
LBYTP - (Format = jkQ Op Code = 86 Ref# = 013) 


SS ietieeslinerteetnetiend ae me ate fe me em me a am oe oe oe eae ol ee ae a ae ee ee ee ee oe ee 1 ae en Sle ee ne le as ae ae tam 
Habel loperation Jargument 
fee wen een $e ween enn $e eee en ne ee eee 
| [LBYTP, j {Xk» label 


label - byte address of the data. 
j - number of bytes to load(1-8). 


7232125 LBIT,SBIT-~Load/Store Bits Xk 


a) Load Bit to Xk (Aj) displaced by 9 and bit Indexed by (0) 


LBIT - (Format = jkQ Op Code = 88 Ref# = 014) 


foe eee ee eet nnn eH --- $a wenn nnn ee we een nee eee 
[label loperation largument 

perenne oe pa eww on nn oe ee es 
j JLAIT TXk»AjsQsX0 


b) Store Bit from Xk at (Aj) displaced by @ and bit indexed by 
(X0) Right. 


SBIT - (Format = jkQ Dp Code = 89 Ref# = 015) 


fe a can sae mae see se awe ee ree he oe ew ne we oe ee 
llabel loperation Jargument 

er $a ee ne -- penne ne one ee 
| {SBIT 1XksAjrQeX0 


7e3e1e6 LATALAsSATsSA=Load/StoresAk 


a) Load Ak from (Aj) displaced by D and indexed by (Xi) Right. 


LAI - (Format = jkiD Op Code = AO Ref# = 016) 
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72321.6 LAI, LAs Sal SA~Load/Store, ak 


pene nnneo $e oe ane a aw ee foe ew ee a ee 
label loperation largument 

poewn wenn ee eee in <2 eee 
| ILAI DAK: AjyXi,dD 


b) Load Ak from (Aj) displaced by 4. 


LA ~ (Format = jkQ Op Code = 84 Ref# = 017) 


A ene ee ne ew se ee hp me om ee me am ae 00 oe oe oe i ee a me OO OD A A A SN A ee a a as 
| label loperation largument 

peewee ee- few enn ees fw en we oe oe ee ee eee 
{ ILA TAk,AJ,Q 


c) Store Ak at (Aj) displaced by 0D and indexed by (Xi) Right. 
SAI - (Format. = jkiOD Op Code = Al Ref# = 018) 


pom wwe ewe bowwes ew wna a fon wwe i a nao sa Sa a oe aa a a a 
| label loperation larqument 

foe e meee pew en wew eee =a 
| ISAT [Ak, AjeXieD 


d) Store Ak at (Aj) displaced by Q. 


SA - (Format = jkQ Op Code = 85 Ref# = 019) 


Eo > a ae ee a 2a wee ae ee ee a a ee oe oe oe ™- <> 2 ee ee ee Oe ee ee ee ee ee ee ee ee ee oe i ae ee a ae a 
}label loperation Facaiment 
+ 2 ee ee a www eww we ee >} > aD ne ae an ae oo oe Oe ee a a a a a a 


| [SA [AksAj, 
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Te3- 1.7 PAUL Ts SME I Load/ Store Multiple Registers 


Teo3ele? LMULT.ASMULT-Load/Store Multiple Registers 


a) toad Multiple Registers from {[Aj) displaced by BQ, 
Selectivity per (Xk) Right. 


LMULT - (Format = jkQ Op Code = 80 Ref# = 020) 


jon ee eee tone wee a Sree we eee we eee 
}label loperation fargument 

poe oe eee fe eee fe or nee eee ee ae eae oe a se si si 
| 1LMULT IXksAjylabel 


label - byte address, must be on a word boundary 


b) Store Multiple Registers at (Aj) displaced by 870, 
Selectivity per (Xk) Right. 


SMULT - (Format = jkQ Op Code = 81 Ref# = 021) 


x _ =2 5S es wD oe Fete dhemtondh an a ae te ee ae ee + <a a: a a ah ae nm a ee <7 2 a 2 oe a. a aa 
ITabel bh sega dl da aueent 

pw oe ee se ee ee ne ae ee ee ew nw ae oe om nw of ee ee ee nem oe ee ae a ee ee ee ee ee ae ee ee 
{ ace tie kisiaee) 


label - byte address, must be on a word boundary 


* aanee 2» 


7e2322 INTEGER ARITHMETIC 


Integer arithmetic operations shall be performed on words = and 
halfwords contained in Register Xk and Register Xk Right, 
respectively, as described in the following subparagraphs. 


Binary integers contained in the X Registers consist of 
Signed, two's complement, 32-bit or 64-bit quantities. The 
leftmost bit, (in position 00 for 64-bit Integers and in position 
32 for 32-bit integers), constitute the sign bit. 


The ranges in magnitude, My, covered by binary integers in each 
of the two fixed point formats, are the following: 


32-bit Integers -2(31)<£M¢2(31)-1 


64-bit Integer: -2(63)<¢M¢2(63)-1 
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Te3e 201 ANDDX, ADDXQs INCX~ Integer Sum, Xk 


a) Integer Sumy (Xk) replaced by (Xk) plus (Xj). 


ADDX = (Format = jk Op Code = 24 Ref# = 022) 


owen ---- few en nnn ee Pew ne nn nn ee ee ee ee en = 
abel Joperation rer gunmen 

few ee nee ee 
{ | ADOX xk Xj 


b) Integer Sum, (Xk) replaced by (Xj) plus Q. 


ADDXQ - (Format = jkQ Op Code = 8B Ref# = 143) 


tp we ee ee we 8 2 ewe ee wwe § ee ee ee ee ee ee ee ee ae ee ee ee soe ee 
J label loper ation argument 

Si sc low ile lagi ca ts ‘hen in pa ae Sih ss eps ih lb ‘aes esas stato nbs is i il eas 
| PADDX9 1Xk yXj,Q 


c) Integer Sum, (Xk) replaced by (Xk) plus j.- 


INCX - {Format = jk Op Code = 10 Ref# = 166) 


en me san ee Tp a0 ae a ee on em a ao ae he 00 ee 00 ae 0 ae a ee a a oe 
Ilabet operation argument 

ee ee ene es 
{ | INCX Xks j 


7Te3e202 SUBX,DECKX-Integer Differences, Xk 


a) Integer Difference, (Xk) replaced by (Xk) minus (Xj). 


SUBX ~- (Format = jk Op Code = 25 Ref# = 023) 


+ 2: == = ab ap vp 4D ae DD pw w eee wma wm bw me Te > > > a> ap a J ~bmnhMb hab 4AD Gn! “a: 
Ilabel loperation largument 
ca = ab ae a «a oe a + a 2 ae oe ae ee ea a 72 1 1 oe a 2 = a a 7 2 ee a Om mm “a = 


| | SUBX 1Xk Xj 
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7.0 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
Tede2e2 SUBXs DECK- Integer Difference, Xk 


b) Integer Difference, (Xk) replaced by (Xk) minus j. 


DECX - {Format = jk Op Code = 11 Ref# = 167) 


oe ee ee ew ce om ee Fe Deeitetelinmtetaeteateteale aeantamterEeatan tent teakankentnentemtontonteatethedkonkanlieaandtionkentoud 
Ilabel _loperation largument 

fon enn---- $e nnn on fn nn eee ee + +--+ 
i 1 DECX ke 


Te3e203 MULX,MULXO-Integer Products Xk 


a) Integer Product, (Xk) replaced by (Xk) times (Xj). 


MULX - (Format = jk Op Code = 26 Ref# = 024) 


we wee ee ee peewee aw www wee wae we oe ae ee eae aan ea San See es Se ee 
JTabel loperation largument 

peennn- a rn peer eee eee were nee ~~ - 
| ]MULX Xk Xj 


b) Integer Product, (Xk) replaced by (Xj) times Q. 


MULXQ - (Format = jkQ Op Code = B2 Ref# = 168) 


hee ee se oe ee em a ee ee fp ae ewe ee ao ae a ee ae ee He a ae se se me ed 
I label foperation largument 

$e ewe wenn me $m ewe owen $e ww ewe wm een ——— ea 
1 J MUL XQ 1Xk»X je 


Tede2e4 OLVX-Integer Quotient 


a) Integer Quotient, (Xk) replaced by (Xk) divided by (Xj). 


DIVX - (Format = jk Op Code = 27 Ref# = 025) 


hee we ne en ee oe em ee Ap 0 am cee ee ee ae ae ae ee Ap ee tae en ee en ee ee a ee ae ee om ee es ee ee 
label loperation isrqumsat 
me mw mo mae ew ee see mw om oe ee ee me a oe ee ce tee ee 0 ee te ee ee ee ee Oe DD a De 


i 1 DIVX [Xk Xj 
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720 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
TWe3s 2e 5 ADDR» ATORN DLNERS INES IEE Sums Xk right 


7o302e5 ADDRs ADDROSINCR-Integer Sums Xk right 


a) Integer Sum, (Xk) Right replaced by (Xk) Right plus (Xj) 


ADDR ~- (Format = jk Op Code = 20 Ref# = 027) 


tom ene nnn n $enen nn ----- poem ewe anne s ealeenetedeaieatenened --~ 
label loneration argument 

he ae ee oe a ae ee a earn Sh ee ee ee ee ee ae es ee a a ae a 
| | ADDR [Xk Xj 


b) Integer Sum, (Xk) Right replaced by (Xj) Right plus Q. 


ADDRQ - (Format = jkQ Op Code = BA Ref# = 028) 


pow een nnn ee $e ee ew ee ee ee we eee eee 
[label loperation Jac gunene 

few eww wwe Fe ee eae A se a A ee se See ee ms 
| | ADDRO 1xkoX oa 


c) Integer Sum, (Xk) Right replaced by (Xk) Right plus j. 


INCR - (Format = jk Op Code = 28 Ref# = 029) 


A were tenn nn ween een e nena = -=--- 
label loperation argument 

poecerenee= $mw ce ww een $e ww ere ene en een ene owen e 
\ J INCR IXk»j 


723.2-6 SUBR.ADECR-Integer Difference. Xk Right 


a) [Integer Difference, (Xk) Right replaced by (Xk) Right minus 
(Xj) Right. 


SUBR - (Format = jk Op Code = 21 Ref# = 030) 


+ ae a a a 1: + ae 6 oe GP ee ee ee | ee + a oP <a> 22 6b ee ab a a a a a a <> <a a ae ae ae ee oe 
label foperation Jargument 
fe we ee we ee woe ee ew ee eo dp ne ae ae ae ee 8 ee ee eee ee eee ee ee a ee 
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7.0 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
723226 SUBR,DECR-Integer Difference, Xk Right 


EE ER A GE ED RD ND ED NE AE A AN EE A A DE EE OD DE A NE A SO A OD AE A A OD ED ED ER ED 2 2 ee a 


b) Integer Difference, (Xk) Right replaced by (Xk) Right minus 
je 


DECR - (Format = jk Op Code = 29 Ref# = 031) 


few wow a ee ee Se een 0 ae ae eee ae a ew oe me ae ae 
Habel loperation parqument 

ee ee en ee ea a ea 
{ }DECR 1Xksj 


Tede2eT MULR eMULRO-Integer_ Products Xk Right 


a) Integer Product, (Xk) Right replaced by (Xk) Right times (Xj). 
Right. 


MULR - (Format = jk Op Code = 22 Ref# = 032) 


ee ewes na sae se Sp wen ae a am ee ane ae am ome oh ee a ee se i a a ama a dss a ts 
Itabel _loperation Jargument 

fom e new enn pee eee ee pew ee we eee e+ -- 
i {MULR 1Xk 9X j 


b) Integer Product, (Xk) Right replaced by (Xj) Right times Q. 


MULRQ ~- (Format = j[kQ Op Code = 8C Ref# = 033) 


penne -- a re pe ee ee a ee eee a 
Vlaee! foperation Jargqument 
ee ee ee 0 we 00 ww ee ee ee cee on ew he ee ee 0 ee ee me a ae 
i IMULRQ Xk eXJoQ 


7e3e208 DIVR-Integer Quotient, Xk Right 


a) Integer Quotient, (Xk) Right nspaces by (Xk) Right divided 
by (Xj) Right. 


DIVR - (Format = jk Op Code = 23 Ref# = 034) 


+ a a a a oe ee ee a + a> a i aa a +: ea a ea ae a a: a a ab ae a <> <> 2 1 << a> —- a 
[label loperation argument 
> >= 7m ee om a aD od mma a) 1 ae ae ae va ae + an Tn we hae ae a a a ae a a oe ao a —- “a =: 


| }DIVR Xk Xj 
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To30209 CMPX,CMPR-Integer Compare 


a) Integer Compare (Xj) to (Xk), result to X1 Right. 


CMPX - (Format = jk Op Code = 2D Ref# = 035) 


ee ee ee ew ee ae ee ee 00 ae ee ee ee ae ee ae ne a: a ae a: = a1 oe ae a > i 7 ne ee ae we oP re ae 
tabel _foperation largument 
+ ) 2 2p ap 6s 4S ee ee + > a a nee ee sw ame ae ome ole an (ap a a a ee we ae a ae ae ae ae = a be i. 


i ]CMPX 1X1.X jsXk 


b) Integer Compare (Xj) Right to (Xk) Rights result to X1 Right. 


CMPR - (Format = jk Op Code = 2C Sef# = 036) 


ee al ee ee ee Jn ae ae ae ee we = ab an a ae we ae ae ee ab ste son eo meh a ate 
[label _loperation Pargumene 
pow cw new em , ne en 0 a ne ee ete se sa 
i 1CMPR iGkj KR 


72363 BRANCH 


The instructions within this subgroup consist of both 
conditional and unconditional branch instructions. 


Each conditional branch instruction performs a comparison 
between the contents of two general registers. Then, based on 
the relationship between the results of that comparison and the 
branch condition as specified by means of the instruction's 
operation code, each conditional branch instruction performs 
either a normal exit or a branch exit. 


Normal exit: When the results of a comparison do not satisfy 
the branch condition as specified by the operation code, a normal 
exit is performed. A normal exit for all conditional branch 
instructions consists of adding four to the rightmost 32 bits of 
the PVA obtained from the P Register, with that 32-bit sum 
returned to the P Register in its rightmost 32-bit positions. 


Branch exit: When the results of a comparison satisfy the 
branch condition as specified by the operation codes a branch 
exit is performed. A branch exit consists of expanding the 
16é"bit Q field from the instruction to 31 bits by means of sign 
extension, shifting these 31 bits left one bit position with a 
zero inserted on the right, and adding this 32-bit shifted result 
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to the rightmost 32-bits of the PVA obtained from the P Register, 
with the 32-bit sum returned to the P Register in its rightmost 
32-bit positions. 


Unconditional branch instructions perform branch exits 
according to the appropriate instruction descriptions contained 
in subparagraphs 2.2.3.5 and 2.2+43.6 of the MIGDS. 

The Assembler sets the instruction's Q field according to the 
value of the ‘label® subfield of the instruction mnemonics, which 
must correspond to a label of an Assembler statement within the 


currently active section. Relative addresses cannot span section. 
boundaries. 


7o3e301 BRXEQsBRXNE. BRACT.BRXGE=Branch Conditional 


a) Branch to (P) displaced by 2*Q if (Xj) equal to (Xk). 
BRXEQ - (Format = jkQ Dp Code = 94 Ref# = 037) 


oe we ee ee ope ww ee soe we ip ee ee ee en ee ee ee ee ee ee em ee ee 
label seperate? l argument 

jw eww wee whee wo 20 soe ae sme a sam Fe en 
! TBRxta 1X jXk, label 


label - byte address of the new location. 


b) Branch to (P) displaced by 270 if (Xj) not equal to (Xk). 


BRXNE - (Format = jkQ Op Code = 95 Ref# = 038) 


oe focecnren--- pm rn ew en ee een nen ene 
{label} loperation Jargument 

$owenn- ee oe $a ce wee e nee noe eee ~--- 
| | BRXNE IX jsXky label 


label - byte address of the new location. 
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7.0 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
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c) Branch to (P) displaced by 2*0 if (Xj) greater than (Xk). 


BRXGT - (Format = jkQ Op Code = 96 Ref# = 039) 


, fa se ee fp nee ae ee oe can ee he ae eae a a a A a ae ee ae a ae a me ae ee 
label loperation largunent 

ee ee ew ee ee we ee ee 00 ae ee ee ee aw ee ee ee cm Se Oe ee ae ae ee a ea an a me ae me an ee - 
i {BRXGT ikdexke lave 


label - byte address of the new location. 


d) Branch to (P) displaced by 2*Q if (Xj) greater than or equal 
to (Xk). 


BRXGE ~- (Format = jkQ Op Code = 97 Ref# = 040) 


dpe ne ow on we on ae 7 wee fam a ee me ee ae oe sa ame cae a se mn ae 
avepe) loperation bLaraument 

ee a ee ee we ew ee ae ee sf} a 0 ew ao ae ae wn eo em ee ne a ee a ae se sa ‘a a oes 
1 | BRXGE 1X jsXky label 


label - byte address of the new location. 


7e3e3-2 BRREO, BERNE, BRRGOT.BRRGE-Conditionals. x% Right 


a) Branch to (P) displaced by 2*Q9 if (Xj) Right equal to (Xk) 


BRREQ - (Format = jkQ Op Code = 90 Ref# = 041) 


$n enn ---- fonee ween oe peer ewr nn ne-= oe 
|1abel loperation forgunen 

pewmecccece pwns cee ewes fame enw ame we Oe ee a ee 
{ IBRREQ iajouee abel 


label - byte address of the new location. 
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b) Branch to (P) displaced by 2*0 If (Xj) Right not equal to 
(Xk) Right. 


BRRNE - (Format = jkQ Op Code = 91 Ref# = 042) 


pee ee ee , ee eer a 00 a soe va em sa se ee se ao ae ee ae ee ee 
llabe!l loperation |argument 

we wee wee ow 5 he oe ee ae ee oe ow oe on we a ae ae me ee a ow 
| ] BRRNE [X j»sXk,y label] 


label - byte address of the new location, 


c) Branch to (P) displaced by 2%0 ff (Xj) Right greater than 


BRRGT - (Format = jkQ Dp Code = 92 Ref# = 043) 


faewewe ene a en Ap ce oe soe a ta se sae se se ae mae 0 a ae me ae we ns 
liabel loperation l argument 

poennnn- ee ee ooo 
{ J] BRRGT 1X jsXk,label 


label) - byte address of the new location. 


a) Branch to (P) displaced by 2*0 if (Xj) Right areater than or 
equal to (Xk) Right. 


BRRGE - (Format = jkQ Op Code = 93 Ref#H = 044) 


tecesee se ae crs tn se a no ww Se fp nn nw a ee ete ao a ew a ee omens 
label loperation | argument 
isn oe aoe a a he i cl ne Sao eae fea nen em ee a — 
4 {BRRGE 1X jeXk, label 


label - byte address of the new location. 
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7232323 BRINC-Conditional, with Increment 


a) Branch to (P) displaced by 2*9 and increment (Xk) FTF (Xj) 
greater than (Xk). | 


BRINC - (Format = jkQ Op Code = 9C Ref# = 045) 


ee we ee ee ee www ewe we bee ewe ‘aie ahs seven ‘se (abe tain cs se a lb we ee om 
Habel Joperation fargument 

nm 0 sao sae tee ee ew ne ae $e we wwe ee we ee ee ee ae ea 
1 IBRINC 1X j»Xkylabel 


label - byte address of the new location. 
7o30304 BRSEG“Conditionals, Ak 
a) Branch to {P) displaced by 2*Q if SEG{Aj) not equal to 
SEG(AK); else Compare 8N(AJ) to BN( Ak), result to X1 Right. 


BRSEG - (Format = jkQ Op Code = 9D Ref# = 046) 


fewee----- fone $e ene ne ee ee ------- 
label loperation largqument 

fw w wee wee 7 $e mew we ewe we we ew ee ee 
| [BRSEG IX1,AjsAk» label 


label - byte address of the new location. 


723.23.5 BRREL-Unconditional Branches (PP) indexed 


a) Branch to (P) indexed by 2*(Xk) Right. 


BRREL - (Format = jk Op Code = 2E£ Ref# = 047) 


pm. <2 7 ae ae a 2. oP a ae +} =: Ee wham mo a a a a , —- <2 Me ab aD ae a oP aD 2 6— OS ee a ee a a ee ee ee ee ee ee 
tists) loperation Jargument 
— we 1 a a a a $¢ we we wemeewa teow ew ee we we eee me 


1 PBRREL [Xk 
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72323,6 BROIR-Unconditional Branch, (A) _ indexed 


a) Branch to (Aj) indexed by 2*(Xk) Right. 


BRDIR ~ (Format = jk Op Code = 2F Ref# = 048) 


$onwne nnn or ee SE EEE 
piste! Joperation Jargument 
<— o te n e  p seb ae a ee sa cae ce ae ee ee i ae nee nt es ne ean en Se NS Hn 
' [BRDIR 1A jsXk 

72324 COPY 


The instructions within this subgroup provide the means for 
accomplishing inter-register transfers to the extent defined by 
the Following instruction descriptions. 


JTode%4%e.i CPYXX-Copy to Xk From Xj 


CPYXX - (Format = jk Op Code = OD Ref# = 049) 


fewer en ---4------- woe fe ee ee ee ee ee e+ re 
|label operation farsuneac 

foe nee we me fan ween w ee fp ace i cnn ea wo Sasa cnceco a= 
| | CPYXX [Xk Xj 


TeBe4e2 CPYAX-Copy to Xk from _ Aj 


CPYAX - (Format = jk Op Code = OB Ref# = 050) 


fowenn--- ee $m nen ee we nn ne ee ee ene ee 
Habel poueretion jacoument 
Oe poem ence ne oan eee eee een 


| 1ceyar [XkyAj 
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7e304e3 CPYAA~Copy to Ak from Aj 


CPYAA - (Format = jk Op Code = 09 Ref# = 051) 


pee enn nnn ee mee fee ee eo ee ee eee re 
label opera vice Verges! 

poewwewe sao 0 00 Ge ae ew a a owe ee ae ee ee 0 0 ee a a ee i a a ae ee a a ee a 
1 ary ie Aj 


72304.4 CPYXA-Copy to Ak from Xj 


CPYXA - (Format = jk Op Code = OA Ref# = 052) 


$a eee ene poe wn en nen penn nnnnn- ~<<----- wane een 
Ilabel loperation largument 

he me ae ee ee i fw ee eee ee ee A ee me ee ae a = 
! [CPYXA 1AksXj 


7030425 CPYRR-Copy to Xk Right from Xj Right 


CPYRR - (Format = jk Op Code = OC Ref # = 053) 


peeonn---- $wwennnnnn- pe weenn ee ee a------------- 
[label loperation l argument 
ee $ee~------- few n enn noon wee 2 
" [CPYRR Xk Xj 


72325 ADDRESS ARITHMETIC 


The instructions within this subgroup shall provide the means 
for accomplishing address arithmetic to the extent defined by the 
following instruction descriptions. 
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7032501 ADDAQ-Copy_ A_with Displacement 


a) Address (Ak) replaced by (Aj) plus Q. 


ADDAQ - (Format = jkQ Op Code = 8E& Ref# = 054) 


$eeennnn-- foe e enn nnn oe — 
[label — _loperation Jarqunent 
em ee ee ae ae ce awe ee ee ee eee a oe ae om sa A a so et ee ta ee sa en ne Se a ae ae a ee aoe ae 
j TADDAQ tials 


7232522 ADDPXO-Copy_P with Indexing and Displacement 


a) Address (Ak) replaced by (P) plus 2*(XJj) Right plus 2*Q. 


ADDPXQ ~ (Format = jkQ Op Code = 8F Ref# = 055) 


Se, ee ST ckeackenientiontend a ww a sen > aD ne a ee ee ee ee ee 
Vlabel loperation far gument 

he ee ee ee ae we we ee wwe eee eee be ee eee ee eee eee a a oe ae a oe 
i J] ADDPXa JAKsX je label 


label - byte address of the new location. 


7032523 ADDAX-A_ Indexed 


a) Address {Ak) replaced by (Ak) plus (Xj) Right. 


ADDAX ~ (Format = jk Op Code = 2A Ref# = 056) 


wwe ee wwe >} ee ee sae saw ae se ho ee ee eS ee ee Se ee 
llabe} loperation largument 
fe: mae aa om a 1 = mw ee ae ae ww ww ae a an oe 2 ae a a a ae ae a a Ck ee 


i | ADDAX 1Ak»Xj 
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7.32524 ADDAD-Copy_ A with Displacements Modulo 


a) Address (Ak) replaced by (Ai) plus D per j. 


ADDAD - (Format = jkiD Op Code = A7 Ref# = 161) 


pow ene me ee 0 ee Se ee ene no ss se 
Habel operation psy quuent 
a ee ee re we ee ee ee ee ee ee ee ee a ee ee ae ae ae ee ee ee ee ee 
I Haare tak, AisDs] 


72326 ENTER 


The instructions within this subgroup provide the means for 
entering immediate operands, (consisting of logical quantities of 
Signed, two's complement binary integers), into the xX Registers 
to the extent defined by the following Instruction descriptions. 


7o3e6.1 ENTPsENIN-Enter j 


a) Enter Xk with plus j- 


ENTP - (Format = jk Op Code = 3D Ref# = 057) 


ya pee nee ee ee ee a ee ee pe we wee ee ne ao a ae a ae a sa ae ee ee - 
label loperation saeoument 

a we ep ee ee ern fa en nw wn en ee een eee 
\ JENTP ixk.a 


b) Enter Xk with minus je 


ENTN - (Format = jk Op Code = 3£& Ref# = 058) 


ey a a. a ae we we wep ee: a a a a an a a + a> 7a a ab ae 1) a a =P ab ae om a oD a 1 ae a> ae a vn a ae a: 
label _loperation lacsument 
> > 0 8 a 4 ee ee ee ee + a ap ee ee 2 ee 2 ee ee ee a > a a. 


i {ENTN Ixkej 
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72326.2 ENTE-Enter_9 


a) Enter Xk with sign extended Q. 


ENTE - (Format = jkQ Op Code = BD Ref# = 059) 


+ a ae ae 2 2 2) ee ee a 1 > ae 7 a Co ae 1 a 1 a ie we ab ven aa > eh - ap ee a ee a a ae oa 
Itabel loperation largument 
+> a mm we a ae > <= oe + ee ae ie ai a ae ee a oe Sd wae i ab <n oe a ie ee ee ee ee ee ee ee ee Oe ee em ae 2 2 ee ee 


7230603 ENTLa2ENTX-Enter_ jk 


a) Enter X0 with logical jk. 


ENTL - {Format = jk Op Code = 3F Ref# = 060) 


$e eee nnn n $e wenn ane —$<---~ ee -- 
[label loperation |argqument 

hee ee we ee ee ws ee fa ee te ae we en ne me ee ee a ea a a a ae 
| TENTL 1X0» jk 


b) Enter X1 with logical jk. 


ENTX - (Format = jk Op Code = 39 Ref# = 164) 


poe en nanan fewer eee ween Ea 
|label _loperation argument 
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7o30e604 ENTZ2ENTOSENTS-Enter Signs 


a) Enter Xk Left with signs per j. 


The value of the right most 2-bits of the j field 
instruction shall be translated as follows? 


T-24 
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= — —e SP a 0 a ee 


from the 


If 00, 32 bit positions of Xk Left shall be cleared 


(zeroes). 


If O1, 32 bit positions of Xk Left shal! be set (ones). 


If 10 or 11, 32 bit positions of Xk Left shall be 


set to 


the value of the sign bit in position 32 of Xk Right. 


ENTZ ~ (Format = jk Op Code = 1F Ref# = 061) 


il 
it 


ENTO - (Format = jk Op Code = 1F Ref# = 061) 


ENTS ~- (Format = jk Op Code = 1F Ref# = 061) 


De ee ee jane wwe ew wwe a A a a a aD ee eee ae ee a ae 
| label Joperation | argument 

i ee a 
| TENTZ j 

i PENTO | Xk 

j {ENTS | 


The assembler computes the value of j from the 
instruction mnemonic used. 


7236.5 ENTCrEnter_Xi_jkod 


a) Enter X1 with sign extended jk. 


ENTC - (Format = jkQ Op Code = 87 Ref# = 165) 


p22 ew ew ea Cae a ae sat ee se ee am eee a +} ee ee ee ee | 
Ilabel loperation largument 
ea a a ae am oe ae + ~~ 2 <= ep ee we ee ae oe dn we oe we ow ee ee ee ee ee ee 


specific 
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7232666 ENTA-Enter XO. jko 


a) Enter XO with sign extended jkQ. 
ENTA - (Format = jkQ Op Code = 83 Ref# = 169) 


$omeeweene $oren-~ ae ener Ww we ewww ewe ww ane 
Habel operation fargument 
dp 0 eae nae ae sae ae a vee fp en ew nee ee ae seco ss ste seen Se sete 000 te “ae te ee Sis ca a Se om ete wae se “ee Maen Se ne me sm ew sn se 
{ JENTA [X05 jkQ 


72.3.7 SHIFT 


The instructions within this subgroup provided the means for 
shifting the initial contents of the Xj Register and transferring 
the result to the Xk Register, to the extent defined by the 
following descriptions. 


All] of the instructions within this subgroup derive the 
computed shift count In the Following manner: The rightmost 8 
bits of the 0 field from the instruction is added to the 
rightmost 8 bits initially contained in bit positions 56 through 
63 of Register Xi Right and the A-bit sum represents the computed 
shift count. Any overflow from the 8-bit sum is ignored. Tn 
this context, the contents of Register XO Right are interpreted 
as consisting entirely of zeroes. 


The instructions within this subgroup shall interpret the 
computed shift count as follows: The sign-bit in the leftmost 
position of the B-bit computed shift count shall determine the 
direction of the shift. When the computed shift count is 
positive (sign bit of zero), these instructions shall left shift. 
When the computed shift count is negative (sign-bit of one), 
these instructions shall right shift. For 32-bit quantities, 
shifts shall be from 0-31 bits left and from 1-32 bits right. 
For 64-bit quantities, shifts shall be from 0-63 bits left and 
from 1-64 bits right. 


When these interpretations of the computed shift count result 
in an actual shift count of zero, the associated instructions 
transfer the initial contents of the Xj Register to the Xk 
Register and no shifting is performed. 
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7e3e7el SHECHSHift (Xj) to Xke Circular 


a) Shift (Xj) to Xk Circular, Direction and Count per (Xi) Right. 
plus 0D. 


SHFC - {Format = jkiD Op Code = AB Ref# = 062) 


ow wee ew ca se fe ca ee ese aes ee nee sate ee cee mame fhe nee ee em ee ee OE Ne ae ED le AE a ee a ae se io one 
{abel loperation largument 

penne en n= fee we wee -e Sn Sere 
| | SHFC {XkyXjeXisd 


Te3eTe2 SHEXSHER“SHift (Xj) to Xks End- OFF 


a) Shift (Xj) to Xk, Direction and Count per (Xi) Right plus 0. 


SHFX - (Format = jkiD Op Code = AQ Ref # = 063) 


t= > ae 4 ae ae aww new oween wwe ween ee Ee 1 ED <b ee ED es 2 a a 
llabe! _loperation largument 

penenennn- $ owen nnn oe oo 
| | SHFX [XkeXjeXi»D 


b) Shift (Xj) Right to Xk Right, Direction and Count per (Xi) 
Right plus 0. 


SHFR - (Format = jkiD Op Code = AA Ref# = 064) 


peewee enae poe me ae a ae oe www eww naw ao 0 a a ee ee ew ae es no 
[label loperation argument 
foe ewe nn e- $ aww c ene few ee nw ewe eee eee wo----- 
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72328 LOGICAL 


The instructions within this subgroup shall provide the means 
for performing Boolean operations on the 64-bit words contained 
In the X Registers to the extent defined by the following 
instruction descriptions. 


a) Logical Sum (Xk) replaced by (Xk) OR (Xj). 


IORX - (Format = jk Op Code = 18 Ref# = 065) 


fowenne a pane ene en eee eee wenn ~-- 
oe) operation bs raimene 

= 2 2m ae ee wee ee en ee ee we 00 ee ee ee oe oe ee ae ee ee a ee ee a ee ee a a 
H 1 TORX Xk yXj 


b) Logical Difference, (Xk) replaced by (Xk) EOR (Xj). 


XORX - (Format = jk Op Code = 19 Reff# = 066) 


pe ae ee ee a a sn ae aoe en ae ee me ee ne me ae ae oe a 
I label _loperation largument 

pww wwe eww meme we ee we $e we ee a ee me me ae me ee ae ee me 
{ 1XORX Xk 9X j 


c) Logical Product, (Xk) replaced by (Xk) AND (Xj). 
ANDX - (Format = jk Gp Code = 1A Ref# = 067) 


pm ee ae ee we ee ee ww ee eee oe me he we me: ‘ie $e OM a ee aD aH De —_ 


Ilabel Joperation argument 
$aoew een n- pow e wenn ene $m ww wee ween we we ewe en ne eee 


{ | ANDX 1Xk Xj 
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7.3.8.2 NOTX-Logical Complement 


a) Logical Complement, (Xk) replaced by (Xj) NOT. 


NOTX ~ (Format = jk Op Code = 13 Ref# = 068) 


pow ene nnn $e ween n= $oceee eee en ee nee we wee ewe 
jlabel loperation lar gument 

5 Shecieads Shenteieetenteetatededeates mt we ee oe ee eee ee ee 
1 [NOTX TXkeXj 


72328.3 INHX-Logical Inhibit 


a) Logical Inhibit, (Xk) replaced by (Xk) AND (Xj) NOT 


INHX - (Format = jk Op Code = 1C Ref# = 069) 


powwenw ene $ ore enon poe wennn ee wae nen 
Habel foperation largqument 
oe a ae ae aoe soe a ae ee nee ae cae oe cee cae ee a ee a ae ea a ee a se ee a a 
H | INHX [Xk Xj 


723-9 REGISTER BIT STRING 


The instructions within this subgroup provide the means for 
addressing a contiguous string (field) of bits, beginning and 
ending independently with any bit positions within a 64-bit word, 


For each of these instructions in this subgroup, the bit 
string is addressed by means of a 12-bit field referred to as a 
bit string descriptor. Any field of bits, including the Field 
constituting a bit field descriptor, is numbered from left to 
right, with the fteftmost bit numbered 00. The six-bit subfield 
in bit positions 00 through 05 of a bit string descriptor 
designates the beginning, or teftmost, bit position within a 
64-bit word. The 6-bit subfield in bit positions 06 through 11 
of the bit string descriptor is a length designator that is 
interpreted as designating one less than the length (in bits) of 
a bit string within a 64-bit word. 
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Bit String Descriptor 

[90 05106 11] 

fw we eww ww ee en we we ee ww en eee ene wee $= wee we eee eee ee eee ~—aeee ne + 

| bertnast Position peetonnter | Canath Desi gnator ] 

, ceetootiarteteatedeadeeteateatentententenadenadeadeadoaabadeatedts tetatamedeatan ture eee en ee eee nee n ne + 


(Bit Length-1) 


For all instructions within this subgroup, indexing is carried 
out as follows: the bit string descriptor obtained from the D 
field of the instruction is zero-extended on the left to 32 bits 
and then added, without overflow detection, to the contents of 
register Xi Right (in this context, the contents of register X0 
shall be interpreted as all zeroes); the rightmost 12 bits of the 
result is then interpreted as a bit string descriptor, in the 
manner described above. 


72329.1 TSOM-Isolate Bit Mask 


a) Isolate Bit Mask into Xk per (Xi) Right plus D. 


ISOM - (Format = jkiD Op Code = AC Ref# = 070) 


wwe wee ee sae a sae se se sn tn em ne se nae 1p ne ew es We se ee se ae ele ae to na ss eb ae ie tae aw a 
label operation largument 
$m wew enna = $e ween we ee fan ee ene ee ee nee ween eee 


7.3.9.2 LTS0B-Isolate into Xk 


a) Isolate into Xk from Xj per (Xi) Right plus 0D. 


1S0B - (Format = jkiD Dp Code = AD Ref# = 071) 


noe wwe ww we Ae eee ee ee see we ee vee ae nee ‘> ae 0 00 ee a em ee a aD ae ee ee ee ee Ae ee eae ee 
llabel loperation lar gument 
+ ke te eT ee ee ee ee ee oe ee ee ee + kk > a a Dap ap a an ww ee a 


{ {1508 [XkyXjeXi,D 
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7e32923 INSB-Insert. into Xk 


a) Insert into Xk from Xj per Xi) Right plus D0. 


INS& - (Format = jkiD Op Code = AE Ref# = 072) 


hee re me ee ee eo ca cae sae se ee OS ame ae sn 
[label loperation argument 

poe e enna $n e nnn pw we en ao en oe ee 
| 1INSB [XksXjsXisD 


7e3e10 MARK=MARK TD BDOLEAN 


This instruction tests the two bits initially contained In the 
leftmost two bit positions, 32 and 33, of Register Xl Right 
according to the 4-bit j field from the instruction. When the 
Value of the two leftmost bits Initially contained in. Register X1 
Right is equal to any of the one or more values specified by the 
instruction’s j fields Register Xk shall be cleared in bit 
positions 1 through 63 and set in bit position 0. When the value 

of the two leftmost bits initially contained in Register X1 

Right Is not equal to any of the one or more values specified by 
the instruction's j field, Register Xk Right Is cleared in all 64 
bit positions, 0 through 63. 
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The values of the j field and the leftmost two bits initially 
contained in Register X1 Right shall be interpreted with respect 
to equality (£9) as follows: 


fae ee fe ee ee ne on a en ee a ne nn ee ee en eee ee + 
1 j Binary Value of Bits 32 and 33 of XL Right, pecnee wes I 
| { 00 | 01 | 10 | 11 J 
EE $e ww ecco w wee === $e crew nnn eee a + 
Joooo] Unconditional inequality I 
: echasbedieshs deeientedrhertaskenentadeed ee fe we we eee eee ee 0 + 
jooo1] i 1 i oe | 
ee a oo $e ween een eee ee pee ew ewe wwe nn + 
Jo010{ | | EQ | | 
| teeters Ceatteteehontatenteatenteatetetered Soe eatentenieeteadtaadiaedenteniaetateatends setenteneneteedenesteteeateatetenton peewee eee een + 
Joo] I ! EQ 1 EQ | 
o_o ee ee few eee ee eee eee foc ce en nee ne + 
$0100] | EQ | | ! 
poem n ten ~~ ee $a ee wee ee ee wee fee eee een oie a 
10101] { EQ | { EQ I 
Po EEE ooo fae ew ee en fee een ee “<< 
{0110] | EQ | EQ | | 
er ooo wee ee fan en een on fe een nnn eee een fee eens rs 
Yo11t ] EQ { EQ ! EQ | 
Sp en ee ew ee en ee ee ee ee seve me hee aes sew een eee ee ee _ we 
110001 EQ 1 | | i 
ee eee ee ee ee Fe ee ee ee eS 
$1001] EQ i I | EQ | 
re —ee ewe we oe fae wwe ww ee ww een $e ene ee new ee + 
11010] EQ | | EQ j ] 
few en pee en nw en wn nee $a ween nee eee few wwe nnn ee ewe oe --=-+ 
11011] EQ { ! EQ | EQ | 
a $a wwe ene eee eee $e wenn oe ~--- $oeennn- went 
1100] EQ ! EQ | { 1 
ee $a wwe ene cee nee owe cen ee nw nnn pow ee ere nee n= + 
11101] EQ | EQ J | EQ | 
fo een pan enn - oe === -- ooo $a ween eee wenn $e wenn ee nen n= + 
11110] EQ { EQ | EQ | { 
eee eee eer ee ee O_o pee new wenn eee + 
P1111] ! Unconditional Equality i 
$44444- 2-222 --- nt en er ee ee en eee e een ne mae t 
{ | | { ~ ~ ~ ~ 
Ft tte www = + j 1 ! 
tt fone we wwe eee new ew ew enn + ] I 
$hew eee ew ee ww nn we en ee en oe ee ween meres eee + } 
De ee eee ee ee ee eee + 


The four individual bits of jf can be visualized as individual 
pointers which are associated, from left to right, with the four 
possible values (00,01,10,11) of the tested bit-pair (bits 32 and 
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33 of eutceee X1 Right). For examples if j = 0101, equality is 
detected when the value of the tested bit pair is 01 or 11. 


a) Set Xk per j and (X1) Right. 
MARK ~- (Format = jk Op Code = 1F Ref# = 145) 


+ > tm Wp a ae ~P accor sick oh toa ea sha ae ae ate ma. “a 7 a a ae ae 


Ilabel foperation largument 
$o----- er a a fa ee eee ae we ew 
| 1 MARK 1XkyX1,j 


To4 BUSINESS DATA PROCESSING INSTRUCTIONS 


The general form of execution for this group shall involve the 
utilization of a first data field in central] memory, referred to 
as the "“source”®, to modify, replace, or compare with a second 
data Field in central memory referred to as the “destination®. 
Both the source and destination fields shall be individually 
described by means of independently designated Data Descriptors, 
with respect to the types of representation, sign and zone 
conventions, lengths and relative locations of the data fields. 


The Data Descriptors shall be obtained from central memory at 
locations immediately following the BDP instruction, as defined 
by the BDP instruction format and number of descriptors used by 
the instruction. All descriptors consist of a 32-bit half word, 
aligned to a parce? (16 bit) boundary in central memory. 

724-1 GENERAL DESCRIPTION 

The instructions of this group utilize the jk and jkiD 
instruction formats in combination with one or two descriptors in 
the following combinations: 

1) jk and two descriptors. 
Operation Code j k 
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Descriptor j 


De + 
p+2 | 32 | 
ee me ee ee ee a ee ee ee eee ee a ee ee a ae + 


ee ne ee ee ee ne ee ne + 
P4+H | 32 j 
pee ee ee on ee ee ee ee ee ew ee eee eee eee -+ 


2) jkid and two descriptors. 


Operation Code j kf 0 

esha ieieateectededenteteaieet ee ore fawn pee ce ene eee + 
ig | 8 14141414 12 ! 

$e ee fe fee teen foe een eee ene + 

Descriptor j 

fe ee ee ee ee en ee ee ee + 
P+4 | 32 | 

few nr nn en ee ee ee ee ee ene ne eee + 

Descriptor k 

fw ww ew ne nn a ew en en en on eee eee nee + 
P+8 | 32 I 

Fe ew a ee ee ee ee ee ee eee eee ne -+ 

3) jkiO and one descriptor. 

Operation Code j k i 3) 

Frenne nee ee ee Se a a + 
Pp | 8 $4443 4141 12 1 

Ss Heme few e $e we pew en eee eee en + 

Descriptor j or k 

$n a ee ee ee re ee eee eee mewn + 

P+4 | 32 | 
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Te%elel Operation Codes 


A total of 18 operation codes shall be utilized by the 
instructions comprising the BDP Instruction group. For the 
purpose of this specification, the 8DP Instruction group shall be 
further divided into four subgroups, including “short* 
Instruction names, as follows: 


NOTE: For the order of exception sensing for these instructions, 
as well as all other instructions, refer to the CYBER 180 
Processor-Memory Model-Independent GOS. 


Short Name 

Sum 

Difference 
Product 

Quotient 

Scale 

Scale Rounded 
Decimal Compare 
Numeric 

Conpare 

Compare Collated 
Scan While Non-Member 
Translate 

Move Bytes 


subgroup 


BOP Numeric 


oe Se A ED OR OE AD te ER 2D ee ee ee 9) Oe ee ee ee ee es ee 


Move Immediate Data 
Compare Immediate Data 
Add Immediate Data 


1b an a a aD ap an ae oe ae ae an a ea oe ae ee a a a ee a ee ee ee ee ee ae ae 


A A AD A AD ND ND A A SE ED AE ED AD OD eb ee ep AED EP OD ED SUR WD ED 


Te4e2 DATA DESCRIPTORS 
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The generated Data Descriptor shall be formatted as follows: 


IFrodl TF I L | 0 | 

. a Sete ew een enon fee ee ee ee eee ee ee ee ee eee + 

Pp1i3a 4 4 B | 16 i 

| Seedheheds duntetoads Seeteadedeadbedh dectetontedeteatenteetemetecketebedeteten 0 ee tetas eetecheteteteteteted + 
00 32- bit hecer eter 


When specifying the data descriptor, the D field is not 
specified. The format for the source descriptor (SD) and the 
destination descriptor (DD) is the same, and is specified as 
F,eT,l,0. 


F- 1 bit - field specifier for length 
T - 4 bits ~- data types 

L - 8 bits - optional length field 

0B ~- 16 bits - offset address field 


The data descriptor fields may be specified via either of two 
methods. 


1. ~- The field may consist of four subfields each containing 
an evaluatable expression. 


2. - The field may consist of a single SET or EQU symbol 
{category 9) which is associated with four values. 


Example: 
ADDNsA7T»XO AF oX1 OsTsOe16 15750916 « DESCRIPTOR 
eFIELDS ARE F,Tst 0. 
DSCRPTR SET 09750916 ~BBDP DESCRIPTOR 


ADDN,A7T»XO AFsX1 DSCRPTR DSCRPTR ALTERNATE METHOD 


7e24e2.1 BDP Descriptors D_ Field 


The D field is a 3 bit reserved field in bit positions O01, 02 
and 03 of the data descriptor. Interpretation of other Data 
Descriptor fields Follow. This field is not specified in the 
instruction. 


7e4e2e2 BNP _Dperand Types I_Eield 
The T field shall consist of 4 bits, in bit positions 04 


through 07 of the Data fescriptor, and shall describe the type of 
data representation used in the associated source or destination 
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field. The 16 values of the T field are assigned data 
representations as follows: 


0 Packed Decimal No Sign 

1 Packed Decimal No Siqn Leading Stack Digit 

2 Packed Decimal Signed 

3 Packed Decimal Siqned Leading Slack Digit 

4 Unpacked Decimal Unsigned 

5 Unpacked Decimal Trailing Sign Combined Hollerith 
6 Unpacked Decimal Trailing Sign Separate 

7 Unpacked Decimal Leading Sign Combined Hollerith 
B Unpacked Decimal Leading Sign Separate 

9 Alphanumeric 
10 Binary Unsigned 

11 Binary Signed 

12 Translated Packed Decimal! Signed 

13. Translated Packed Decimal Signed Leading Slack Digit 
14 Translated Binary Unsigned 


15 Translated Binary Signed 


> 1 ae 


type 


As determined by the operation code, source and destination 
field, data types shall be restricted to only those combinations 
which are defined as valid within the instruction descriptions. 


The designation of invalid T field combinations within 


the 


associated Data Descriptors shall result in the detection of an 
Instruction Specification error, the Instruction's execution 
shall be inhibited and the corresponding program interruption 


shall occur. The term “freely compatible" as used in the 


BDP 


instruction descriptions, means that any allowable source field 
data type may be used with any allowable destination field data 


type * 
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7e4e223 BDP Operand Address. 0 Field 


The PVA corresponding to the leftmost byte of a BDP source or 
destination field shall be obtained by utilizing the 16 bit DO 
field of the corresponding data descriptor (bit positions 16 
through 31) as a byte item count to be added as a sign extended 
32 bit offset (2's complement for negative offset) to the byte 
number (BN) portion of the base PVA contained in pedaeter Aj oor 
Ak respectively. 


724.224 BDP Operand Lengths. F_and t_ Ejields 


The length in bytes of a BDP source or destination field shall 
be obtained according to the value of the l-bit F field (bit 00) 
of the corresponding descriptor as follows: 


E Length 


0 Qbtained from the 8 bit L field (bits 08 through 15) of the 
corresponding descriptor. 


1 Obtained from bits 65-63 of XO Right for the First 
descriptor following an instruction, and from bits 55-63 of 
X1 Right for the second descriptor following an instruction. 


Although field lengths as long as 256 bytes are possible, the 
length of a RDP operand shall be restricted to a smaller value 
For decimal and binary operations, according to the operand data 
type. These inclusive limits are the following: 


19 bytes for Packed Decimal (types 0 through 3, 12 and 13) 
38 bytes for Unpacked Decimal (types 4 through 8) 
8 bytes for Binary (types 10, 11, 145 and 15) 


When any 8DP field length exceeds the specified maximum 
associated with a given data type, an Instruction Specification 
error shall be detected, the execution of that instruction shall 
be inhibited, and the corresponding program interruption shall 
OCCUr e 


If F equals 1, then only the rightmost 9 bits of XO and X1 
will be checked to determine whether or not the field length. 
exceeds the maximum allowed. The other bits of XO and Xi will 
not be Inspected. 


7738 
CDC ~ ADVANCED SYSTEMS DEVELOPMENT 
B6/10/17- 
GYSER 180 ITI Assembler cx? Rev: F 
720 CYBER 180 CPU SYMBOLIC MACHINE INSTRUCTIONS 
704s 3 DATA AND SIGN CONVENTIONS 


72423 DATA AND SIGN CONVENTIONS 


With respect to numeric data and sign conventions, 
interpretation shal! be performed according to Type (T) where 
applicable, for characters (C), Digits (D) and Signs (5), using 
hexadecimal notation. 


NOTES Data field examples are illustrated in the CYBER 180 
Processor-Memory Model-Independent GDS. 


72404 BDP NUMERIC 


The instructions in this subgroup shall provide the means for 
per forming arithmetic, shift, conversion and comparison 
operations for byte fields in central memory consisting of 
numeric decimal data. 


Unless the length and format fields within the Data 
Descriptors associated with the source and destination fields» 
conform to the restrictions defined within the following 
instruction descriptions, the detection of a Length or Type error 
shall result in an Instruction Specification Error condition, the 
execution of the associated Instruction shall be inhibited and 
the corresponding program interruption shall occur. 


Overflow into or other alteration of the slack digit of 
destination Field types 1 and 3 Is not allowed. The result shall. 
be right justified in the destination field. If the decimal 
result is shorter than the destination field, the destination 
field shall be zero filled to the left. If the result is longer 
than the destination field, the result shal} be truncated on the 
left as necessary. Thus, conceptually, these instructions shal] 
process the data fields from right to left. 


Note that these conventions shall cover the end cases for 
numeric operands of length equal to 1 for all numeric data types. 
For instance, a Move Numeric from a type 5 operand to a type 3 or: 
type 6 operand of length 1 would amount to an extraction of the 
source field sign. 


A source BDP operand of numeric type (0 through 8 and 12 
through 15) and a length zero, shall be interpreted as the value 
zeros 


A destination BDP operand of length zero shall transform the 
associated instruction into a no-op. However, exception sensing 
for the source field shal! occur normally, including the testing 
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for an Arithmetic Loss of Significance or Arithmetic Overflow 
condition, provided the source field does not also have a length 
of zero. 


Minus zero shal! be considered equivalent to plus zero by all 
the Instructions in this subgroup, with respect to decimal 
numeric data. 


The representation for zero, zones and signs shall be normally 
determined by interpreting the T field from the Data Descriptor 
associated with the destination field. 


Division by zero shall not be allowed to the extent that the 
destination field in central memory shall not be changed and a 
Divide Fault condition shall be detected. 

Each source digit shall be checked for decimal digit validity. 
An Invalid decimal digit shall cause an Invalid B8DP Data 
condition to be detected and, if enabled, a program interruption. 
shall occur upon the completion of these instructions. 


72424.1 Arithmetic 


a) Decimal Sums DCAk) replaced by D(Ak) plus D(A}). 
074 jk (2 descriptors) 
b) Decimal Difference, D(Ak) replaced by DAK) minus D(A]). 
075 jk (2 descriptors) 
c) Decimal Products D(Ak) replaced by D(Ak) times D(A}). 
076 jk (2 descriptors) 
d) Decimal Quotient, D(Ak) replaced by D(Ak) divided by D{Aj). 
O77 jk (2 descriptors) 
Operation: These instructions shall arithmetically modify the 
initial contents of the destination field in central memory» 
(treated as an augend, minuend, multiplicand or dividend as 
determined by the operation code) by the contents of the source 
field in central) memory (treated as an addend, subtrahend, 
multiplier or divisor as determined by the operation code) = and 
shal] transfer the decimal result consisting of a sum» 


difference, product or quotient, as determined by the operation 
code, to the destination field in central memory. 
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Types: All Packed decimal types and all Unpacked decimal types,» 
except for the Leading Sign formats, shall be freely allowed for 
decimal arithmetic; i.e@., types 0 through 6, 12 and 13 shall be 
compatible for these instructions. 


Unpacked Decimal Leading Sign (both conventions) shall not be 
supported in the decimal arithmetic. A Numeric Move instruction 
must be generated to format the operands of those types prior to 
their use in arithmetic operations. 


Lengths: The maximum allowable lengths for the source and 


destination fields shall be determined according to their 
respective decimal data types. 


NOTE: Decimal operands shall be treated as Integer values. 

When the results of these instructions exceed the capacity of 
the designated field such that significant digits are not stored 
into central memory, an Arithmetic Overflow condition shall be 
detected, When the corresponding user condition mask bit is set 
and the trap is enabled, instruction execution shall be Inhibited 
and program interruption shall occur. 


70424.2 ADDNsSUBN,MULN,DIVN-Arithmetic 


a) Decimal Sum, DCAk) replaced by D(Ak) plus D(Aj). 


ADDN - (Format = jk2 Op Code = 70 Ref# = 075) 


ca ne wah nawm ee wee ee ee } a > <a an ep en em ee ee 2 a: ae ae ie Se im ‘ae sae 
|label operation lar gument 

teen ----- tonne no----- $e enn een oe wee omen 
1 {ADDN,AjeXO TAK sX1 sD DD 


When the F field in the data descriptor is equal to 0s the 
length register (XO for source, Xl for destination) is not a 
required parameter. 
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b) Decimal Difference, D(Ak) replaced by D(Ak) minus D(Aj). 


SUBN - (Format = jk2 Op Code = 71 Ref# = 075) 


fone meee $e ee ee ee wee ewe eee wee eee 
| label loperation largument 

$onnnen ne fan en een en -- , 
i I}SUBN»AjsXO [AkyX1 SD 0D 


When the F field in the data descriptor is equal to 0», the 
length register (XO for source, X1 for destination) is not a 
required parameter. 

c) Decimal product, O(Ak) replaced by DCAk) times D(Aj). 


MULN ~- (Format = jk2 Dp Code = 72 Ref# = 076) 


$----~- ee fon ene en - --- wee e nnn -= 
Habel loperation Jargument 

$anwneenn = fae ween nn- ae --- 
| IMULN,AYT,XO JAK,X1 SD DD 


When the F field in the data descriptor is equal to 0», the 
length register (X0 for source, X1 for destination) is not a 
required parameter. 

d) Decimal Quotient, D(Ak) replaced by O{Ak) times D(Aj). 


DIVN - (Format = jk2 Op Code = 73 Ref# = O77) 


Hoenn =~ otao- ene ~~~ $--2--- ooo 
label Joperation Var ganen: 

fre ewennn- we ee nn fe rn nn en eee ee eee 
| [DIVN,Aj,XO ina $d bBDB 


When the F field in the data descriptor is equal to 0, the 
length register (XO for source, X1 for destination) is not a 
required parameter. : 


To4e4e3 SCLNASCLR Shift 


The following instructions shall move data initially contained 
in the source field to the destination field, and shall provide 
shifting of the data under contro! of a shift count. The shift 
count shall be derived in the following manner? The rightmost 8 
bits from the instruction's D field shal! be added to the 
rightmost 8 bits initially contained in bit positions 56 through 
63 of Register Xi Right and the 8-bit sum shall represent the 
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computed shift count. Any overflow from the S8-bit sum is 
ignored. In this context, the contents of Register XO shall be 
interpreted entirely of zeroes. <A zero shift count shall cause 
the instruction to act as a move only instruction. 


The B-bit shift count shall be interpreted as a signed, binary 
integer. When this 8-bit shift count is positives, the direction 
of the shift shall be left with the number of decimal digit 
positions to be shifted determined by the value of the right-most 
seven bits (bit positions 57-63) of the shift count. When this 
B-bit shift count is negatives the direction of the shift shall 
be right with the number of decimal digit positions to be shifted 
determined by the value of the 2*s complement of the rightmost 7 
bits (bit positions 57-63) of the shift counts with minus 128 
(1000 0000) being interpreted as zero. Thus, positive shift 
counts shall provide the means for multiplying the source data 
Field by powers of ten, and negative shift counts shall provide 
the means for dividing the source data fields by powers of ten» 
as the source data is moved to the destination field. 


When non-zero digits are shifted left end-off, or truncated on 
the left, an Arithmetic Loss of Significance condition shall be 
detected. If the corresponding user condition mask bit is set 
and the trap is enabled, instruction execution shall be inhibited 
and program interruption shall occur. 


Shifting shall be accomplished end-off with zero fill on the 
appropriate end(s) as required to accommodate the length and type 
of the receiving field. (For example, when the destination field 
is longer than the source fields and the difference in field 
lengths is greater than the left shift count, such a scale 
instruction shall provide zero fill, to the extent required, on 
both the right and left ends of the destination field result). 


Types: Source field data shall be restricted to Types 0 through 
6, 9 12 and 13, all of which shall be freely compatible with 
allowable destination field data Types of 0 through 6, 12 and 13. 


Lengths? The maximum allowable lengths for the source = and 
destination fields shall be determined according to their 
respective decimal data types. 
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a) Decimal Scale, D(Ak) replaced by “DUAys scaled per (Xi) Right 
plus D. 


SCLN ~ (Format = jkiD2 Op Code = E4 Ref# = 078) 


peewee eee e pe me ewe nn enn $oneenn wie ee en ee ewe eee 
llabel woperarion fargument 

ee Ser ree $e we wee wee ween ween 
| TSCLNGA feX0 {Ak »X1,Xi,D 5D DD 


When the F field in the data descriptor is equal to 0, the 
length reqister {XO for source, X1 for destination) is not a 
required parameter. 


b) Decimal. Scale Rounded, OD(Ak) replaced by rounded D(Aj)» 
scaled per (Xi) Right plus D. 


SCLR - (Format = jkiO2 Op Code = E5 Ref# = 079) 


pe we ee ee ee rn he a se een se A Am Se Sa Se St ae a SO 
| label operation l argument 

pone wen wee fae eee ee eee $n eee em we s leeeeterieetetehadedeedeeteateeton 
| ISCLR,AjoXO PAksX1,X1,D0 SD DD 


When the F field in the data descriptor is equal to 0, the 
length register (X0 for source, X1 for destination) Is not a 
required parameter. 


These instructions shall move and scale the decimal data field 
inittally contained in the source field to the destination field. 
They shall transfer the sign of the source field to the 
destination field without change (unless the results consist 
entirely of zeroes and there is no loss of significance, in which 
case the sign of the destination field shall be made positive, or 
unless the result would otherwise contain a non-preferred signs 
in which case the sign of the destination field shall contain the 
preferred sign). 


When specified by means of the operation code, rounding shall 
be performed for negatively signed scale factors by adding five 
to the last digit shifted end-off and propagating carries, if 
anys through the decimal result transferred to the destination 
Field. Thus the absolute value shall be rounded upwards. 


7744 
CDC. - ADVANCED SYSTEMS DEVELOPMENT 
86/10/17 
CYBER 180 II Assembler ERS Rey: F 


a a ee ee ee ee es ee ee ee ee ee es ee ee ee ee ee eo ee ne ee ee ee ee a ee ee ee a 


720 CYBER 180 CPU SYMBDLIC MACHINE INSTRUCTIONS 
7042424 MOVN-Move 


7240404 MOVYN-Move 


a) Numeric Move, D{AK) replaced by D(Aj), after formatting. 


MDVN - (Format = jk2 Op Code = 75 Ref# = 092) 


powcnnonn wo sae 0 en me ae oe fon ewe ewe eee aa eee 
label loperation | argument 

feecacces apa eee ee foe nn Ces meme een 
| IMDOVN,Aj,XO JAk,X1 SD 90 


When the F field In the data descriptor is equal to 0, the 
length register (X0 for source, X1 for destination) is not a 
required parameter. 


This instruction formats the number obtained from the source 
field and transfers the result to the destination field. 

The source field validated according to the T field from its 
associated descriptor; the source field is reformatted according 
to the T field from the data descriptor associated with the 
destination field and the result is transferred to the 
destination field. 


724.4.5 CMPN-Comparison 


a) Decimal Compare, D(Aj) to OCAk), result to X1 Right. 


CMPN - (Format = jk2 Op Code = 74 Ref# = 083) 


powewnnnn- $rn awn nw enn e Sete amen en en en oe 
[label operation | argument 

fonwnennn tocne- —-<--— $a ween ene e ene -- w2---- - 
] ICMPN,Aj9XO lAk, X1 SD 0D 


When the F field of the source descriptor is equal to 0, XO is 
not a required parameter. 


This instruction algebraically compares the decimal contents 
of the source field to the decimal contents of the destination 
Field and transfers a 32-bit halfword to Register Xl Right 
according to the results of the comparison. 


When the results of the source and destination fields are 
equal, the entire 32-bit positions of Register X1l Right are 
cleared. 
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When the contents of the source field are greater than the 
contents of the destination field, Register X1 Right is cleared 
in bit positions 32 and 34 through 63, and set in bit position 
33. 


When the contents of the source field are less than the 
contents of the destination field, Register X1 Right is cleared 
in bit positions 34 through 63 and set in bit positions 32 and 
433% 


» aes 8 8 » 


724.5 BYTE 


The instructions in this subgroup provide the means for 
comparing, scanning, translating, moving and editing byte fields 
{in central memory to the extent defined by the following 
descriptions. 


7040501 CMPBsCMPC-Comparison 
a) Byte Compare, D{(Aj) to D(Ak), result to Xi Right, Index to XO 
Right. 


CMPB - (Format = jk2 Op Code = 77 Ref# = 084) 


pe ew 0 ae ee ee ee ee ee oe se ae ae de ae ee ne ee ee ae ee ee ae a ae we cae A me a se a ae 
label loperation |jargument 

F entondientantontinnttens oo we we we ee aw sD sm see see te aw ee 0 ee ee ee ee > > a 
| [CMPByAj,XO JAkyX1 SD DD 


b) Byte Compare Collated, D(Aj) to D{Ak), both translated per 
(Ai) plus D, result to Xl Rights, Index to XO Right. 


CMPC - (Format = jki0d2 Op Code = E9 Reff# = 085) 


$eecenoe-- $e ee ww oe fie wee ee wn en ee ee een 
Ilabel loperation {argument 

$—-------- poe nce nnn eee ma wr en ee ee enn 
}CMPC,AjyXO TAkyX1y AtyD SD DD 


These instructions compare the bytes contained in the source 
field to the bytes contained in the destination field and 
transfer the results to the comparison to Register Xl Righte 


The comparison proceeds from left to right. When the field 
lengths are unequal, trailing space characters are used for the 
field having the shorter length. The maximum length for each 
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operand is 256 bytes. 


The comparison continues until the longer field has been 
exhausted or unt? an “inequality” is detected between 
corresponding bytes from the source and destination fields 
according to the following definitions. For the compare 
instruction, inequality between the bytes obtained directly from 
the source and destination fields results in the completion. of 
the comparison. For the Collated Compare instruction inequality 
of the bytes obtained directly from the source and destination 
fields results in the translation of both bytes by means of a 
translation table, and inequality of the post-translation bytes 
results in the completion of the comparison. When the translated 
bytes are equal, and the longer field has not been exhausted» 
comparison between the corresponding bytes obtained directly from 
the source and destination fields is resumed. 


Each byte shall be translated by using its value as a positive 
offset to be added to the beginning (leftmost) address of the 
Translation Table, (Ai) + D, for the purpose of addressing the 
translated byte to be read from central memory. 
7.4.5.2 SCNB-Byte Scan 
a) Byte Scan While Non-Member, D(Ak) for presence bit in (AI)+#D, 

index to XO Right, character to Xi Right. 


SCNB - (Format = jkiDl Op Code = F3 Ref# = 086) 


ww wewe oe ae Spe en , een ica ea foes “dn eo ‘ea aah Sas Seas can sess ts i ah a 
Habel loperation largument 

$eewn----- pow eon n nn nee Poe wen nnn nen wenn += 
| [SCNB,Aj»X0 [AksX1,Ai,0 oo 


The Aj field of this instruction is unused and optional. 
Operation: The operation shal! proceed from left to right on the 
destination field addressed by D(Ak). One character at a time 
shall be taken from this character string and used as a bit 
address into the string addressed by a PVA whose Ring Number (RN) 
and Segment (SEG) are obtained from Ai, and whose S8yte Number 
(BN) is formed by the 32-bit sum (ignoring overflow) of the 
rightmost 32 bits of Ai plus the instruction’s 12-bit D field 
extended to the left with 20 zeroes. The scan shall terminate if 
the bit thus addressed in ON or if the destination field has been 
exhausted; otherwise the next character in D(Ak) Is considered. 


Source Field: The operand addressed by Ai+D shall be interpreted 
as a bit string consisting of 256 bits (32 bytes). The entire 
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table, consisting of 256 bits, may be loaded internally to the 
processor, on a model dependent basis, before any operation on 
the data is performed, 


Destination Field: The type field in D(Ak) shall be igqnored. 
The operand addressed by OD{Ak) shall be interpreted as a byte 
String, and restricted to no more than 256 characters. 


The binary value of the sequence number in the string of the 
byte which caused the scan to terminate shall be placed right 
justified Into X0 Right. 


The binary value of the character itself which caused the scan 
to terminate shall be placed right justified into X1 Right. 


If the scan stops by exhaustion of the characters in the byte 
strings XO Right shall contain the length of the original byte 
string and X11 Right shall be set in bit position 32 and cleared 
in bit positions 33 through 63. 


724.5.3 TRANB-Translate 
a) Byte Translate, D(Ak) replaced by D(Aj), translated per {Ai) 
plus D. 


TRANB - {Format = jkiD2 Op Code = EB Ref# = 088) 


wae 


p$ocenne oe fem eee ee we wee wm eee ee eee 
| label loperation jar gument 

pow ween ee ee fh ae a ee ee ne aw ae eee ae ee a ee am a a a ee 
i | TRANBsA Je XO} Ak yX1,A7—D sp DD 


When the F field in the data descriptor is equal to 0, the 
length register (XO for source, X1 for destination) is not a 
required parameter. 


This instruction translates each byte contained in the source 
field according to the translation table in central memory and 
transfers the results of the byte-by-byte translation to the 
destination field. 


The translation table is addressed in a manner identical to 
that previously described for the Collated Compare instruction. 
The type fields in the Data Descriptors associated with the 
source field and the destination field are iqnored. Both 
operands are restricted to no more than 256 bytes. 


The translation operation shall occur from left to right with 
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each source byte used as a positive offset to be added to the 
beginning (leftmost byte) address of the translation table for. 
the purpose of permitting each byte's translation, Translated 
bytes, thus obtained from the translation table, shall be 
transferred to the destination field. The translation operation: 
shall terminate after the destination field length has been 
exhausted. When the source field length is greater than the 
destination field tength, rightmost bytes from the source field 
shall be truncated, to the extent required, with respect to the 
translation operation. When the source field length is less than 
the destination field lengths translated space characters shall 
be used to fill the rightmost byte positions of the destination 
field to the extent required. 


7042524 MDOVB-Move 


a) Move Bytes, D(Ak) replaced by DIA}j). 


MOVB - (Format = jk2 Op Code = 76 Ref# = 089) 


pew ewww ww = fe 00 sa sa se sa ae se ae em ne ee ee ee wee ne  heeteeentontantenhastaatantrtentedont 
Itabe} yopey ate? jacaunene 

ee eee eee pw ee ae a ee oe ee eee eee 
1 (anveca ae JAk»X1 sD oD 


When the F field in the data descriptor is equal to 0, the 
Yength register (XO for source, X11 for destination) is not a 
required parameter. | 


This instruction provides the means for moving the bytes 
contained in the source field to the destination field. The type 
fields of the source and destination data descriptors are 
ignored. Field lengths are restricted to a maximum of 256 bytes. 


7040525 EDIT=Edit 


a) Edit, OC Ak) replaced by D(Aj) edited per M((Ai) + D). 


EDIT - (Format = jkiD2 Op Code = ED Ref# = 091) 


fowenn nnn ee ew ere ne enn ee eee eee 
{label loperation largument 

pew cee ww ee ee ee we ee pw we ee we oe ee ee ee ee 
i JEDITsAJsXO LAk Xl, AiyD SD DOD 


The Aj field is unused and optional. When the F field in the 
data descriptor is equal to 0, the length register (X0 for. 
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source, X1 for destination) is not a required parameter. 


This Instruction shall edit the digits or characters contained 
in the source field according to an edit mask in central memory 
and shall transfer the result to the destination field. The edit 
mask shall be addressed by a PVA whose Ring Number (RN) and 
Segment (SEG) are obtained from Ai», and whose Byte Number (BN) is 
formed by the 32-bit sum (ignoring overflow) of the rightmost 32 
bit of Ai plus the instruction's l2-bit D field extended to the 
left with 20 zeroes. The edit mask shall consist of a one byte 
length Indication followed by a string of micro -operations. The 
length indication shall include the byte containing the length. 


724.6 IMMEDIATE DATA 


Within this instruction group, the Immediate Data 8yte is an 8 
bit Field formed by the 2's complement addition of bits 56-63 
(Xi) Right and the rightmost 8 bits of the Instruction's D field. 
Overflow is ignored on this summation. In this context, the 
contents of Register XO shall be interpreted as consisting 
entirely of zeroes. 


Te4e621 MOVI-Move Immed Data (Xi) Right plus. D to D(Ak) 


MOVI - (Format = jkiDl Op Code = F9 Ref# = 154) 


pw ew www www en pee we we ee we ee we Se 
Jl labe} loperation var gunen 

pen enw ene eet Ste eros woe nen 
| IMOVI»Xi,0 ak oX1 5 J DD 


When the F field in the data descriptor is equal to 0, the 
length register (X1 for destination) is not a required parameter. 


This Instruction shall move the Immediate Data Byte to the 
destination field after format conversion per the destination. 
field type and the j field sub~operation code. The least 
significant 2 bits of the j field shall be used as an encoding of 
the operation to be performed: 


a) If = 00, the unsigned {considered positive) numeric vatue 
(Type 10) contained in the Immediate Data Byte shall be moved 
right justified to the receiving fields, which must be of type 
10, il», 14 or 15. If necessary, the destination field is 
filled with zeroes on the left. 


b) If = 01, the decimal numeric value (Type 4) contained in the 
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Va 2 ie i a a Ee a ee ee ee ee ee A ee ee ee ee ee ee i ae le a ED ee ee ee ee ee ee ee ee ee ee 


Immediate Data Byte shall be moved right fustifieds, to the 
receiving field after possible reformatting to match the data 
type of the destination. If the format requires a signs a 
positive sign shall be supplied. The destination shall be 
restricted to one of the decimal data types 0 through 6, 12 
or 13. This move shall be executed according to the rules of 
the numeric move for truncations padding and validation. 


Each source digit shall be checked for decimal digit 
validity. An invalid decimal digit shall cause an Invalid 
BDP Data condition to be detected. When the corresponding 
user mask bit Is set, and the trap is enabled, instruction 
execution shall be inhibited and program interruption shall 
Occur se 


c) If = 10, the ASCII character contained in the Immediate Data 
Byte is repeated left to right in the receiving field. The 
destination data type shal! be ignored. 

qd) If = 11, the ASCII character contained in the Immediate Data 
Byte is moved left justified into the receiving fields the 
rest of that field is space filled. The destination data 
type shall be ignored. 


704.602 CMPI-Compare _Immed Data( Xi) Right olus_ D to DI Ak) 


CMPI - (Format = jkiDl Op Code = FA Ref# = 155) 


Spe ae ae ase see oe eae ap 0 oe ae eae ae sao eo ae ae ae a oe ew ae ee on ae ee ae a ae am oe a A ee ee mam mee cae sem 
llabel operation | argument 

fewer en-- foeew new een n= pew wnwownne ete 
} ICMPI»XieD JAkeXlsj op 


This operation shall, depending on the value of the j field, 
compare the explicit value contained in the Immediate Data Byte 
to D(Ak) after a possible reformatting to match the data type and 
shall transfer a 32-bit half word to Register X1 Right according 
to the result of the comparison. 


When the contents of the source and destination fields are 
equal, the entire 32-bit positions of Register X1 Right shall be 
cleared. 


The rightmost two bits of the j field shal! be used as an 
encoding of the operation to be performed: 


a) If J=00, the unsigned {considered positive) numeric value 
(Type 19) contained in the Immediate Oata Byte shall be 
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compared to the contents of field D(Ak), which must be of 
type 10, 11, 14 or 15. If field O(Ak) is longer than one 
byte, then the Immediate Data Byte will be zero filled to the 
left as necessary. 


b) If j=01l, the decimal numeric value (Type 4) contained in the 
Immediate Data Byte shall be compared to the contents of 
Field D{Ak) after possible reformatting to match the data 
type of field O(Ak). If the format requires a signs a 
positive sign shall be supplied. The D(Ak) field shall. be 
restricted to one of the decimal] data types 9 through 6, 12 
or 13. If field DO{Ak) is longer than one bytes then the 
Immediate Data Byte shall be zero filled to the Tleft as 
necessar ys 


Each source digit shall be checked for decimal digit 
validity. An invalid decimal digit shall cause an Invalid 
BDP Data condition to be detected. When the corresponding 
user mask bit is sets and the trap is enabled, instruction 
execution shall be {inhibited and program interruption shall 
occur. 


c) If j=10, the ASCII character contained in the Immediate Data 
Byte shal! be compared left to right with each successive 
byte contained in the D{Ak) field. The data type of field 
D{ Ak) shall be ignored. 


d) If j=1ll, the ASCII character contained in the Immediate Data 
Byte shall be compared to the leftmost byte in field DAK). 
If the comparison is equal and if field D(Ak) Is longer than 
one byte, then a space character shall be compared tleft to 
right with each successive remaining byte contained in the 
D(Ak) field. The data type of field D(Ak) shall be ignored. 


When the contents of the source field are greater than the 
contents of the destination field, Register Xi Right shal} be 
cleared in bit positions 32 and 34 through 63 and shall be set in 
bit position 33. 


When the contents of the source field are Jess than the 
contents of the destination field, Register X1 Right shall be 
cleared in bit positions 34 through 63 and shall be set in. bit 
positions 32 and 33. 


The interpretation of the source and destination fields are 
analogous to those described under the Move Immediate Data 
Instruction. 
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7042623 ADDI -Add_ Immed Data (Xi) Right plus _D to D{Ak) 


ADDI - (Format = jkiDl Op Code = FB Ref# = 156) 


: oe ae se ee teh ae ae ee > ee ee ee ee ee D cloclieatenatamtioadiontcakan’ ee ee 
Haber peperenion Vorgumene 
1 anu. X1,0 fake X1lej DD 


When the F field in the data descriptor is equal to 0, the 
length register (XO for source, X1 for destination) is not a 
required parameter. | 


This operation shall add the explicit integer value contained 
in the Immediate Data Byte to D(Ak) after a possible conversion 
to match the destination data type. 


Source: The Immediate Data Byte Is used to store the integer 
value of the addend. The j field is used as an encoding of the 
type of the data contained in the Immediate Data Byte. The least 


2 


Significant bit of the j field is decoded as follows: 


a) If = 0, the Immediate Data Byte, contains an unsigned 
(considered positive) binary integer value; Immediate Data 
Byte = Data Type 10. 


b) If = 1, the Immediate Data Byte, contains one ASCII character 
representing a decimal digit; if invalid decimal data is 
encountered in the Immediate Data Byte, an Invalid BDP Data 
condition shall be detected. When the corresponding user 
condition mask bit is set and the trap is enabled, 
instruction execution shall be inhibited and program 
interruption shall occur. Immediate Data Byte = Data Type 4. 


If the source corresponds to case a) above, the destination 
shall be confined to types 10, 11, 14 and 15. 


If the source corresponds to case b) aboves the destination 
shall be confined to types 0 through 6, 12 and 13. 


® ee 2 


725 ELOATING POINT INSTRUCTIONS 
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72521 GENERAL DESCRIPTION 


A floating point number consists of a signed exponent and a 
signed fraction. The siqned exponent can also be referred to as 
the characteristic and the signed fraction can also be referred 
to as the coefficient. 


The quantity expressed by a floating point number is of the 
form (f)2x where f represents the signed fraction and x 
represents the signed exponent of the base 2. 


The exponent base of 2 is an implied constant for all floating 
point numbers and thus does not explicitly appear in any floating 
point format. 


72522 FORMATS 


Floating point data occupies one of two fixed length formats; 
64-bit word (Single Precision) or 128-bit doubleword (Double 
Precision). 


In both the single and double precision formats, the leftmost 
bit position, 00, is occupied by the sign of the fraction. The 
fifteen bit positions immediately to the right of bit 00, O01 
through 15, occupied by the signed exponent. 


The Field immediately to the right of the signed exponent is 
occupied by the fraction which in single precision format 
consists of 48 bits and in double precision format consists of 96 
bits, according to the following figures. 


}oolo1 | 15416 631 
pew bene wwe mem ew ee eae pe ee ee ee ee oe 80 ee 00 ee De Oe ee en a eee a A ee em ee ee + 
1s {Signed exnowent ' 48-bit fraction | 
Sp ee ee ee eee ee a ae ee ee ee ne an ee enn Oe ae me Oe ee Oe ae ae nee a a ee mee + 


Single Precision Floating Point Number 
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jootol 15416 63] 

de ee sae ew ae cee oe ee ae ee ee ee re ee ee ee ce ee 00 ee ee + 

Is tstoned Exponent ILeftmost 48-bits of the fraction ] 

pen $e nnn ene ~~ ee $e eee eee eee =a anew ee eee eee == + 

164165 71172 127 

fem fan ee ew en fan ww ee ee nn eo oe eee oo 

1s ‘oiened Exponent [Rightmost 48-bits of fraction : | 

ee ae fe we ow 2 ow 2 on eee eee + 


Double Precision Floating Point Number 


A double precision floating point number consists of two 
Single precision floating point numbers located in consecutively 
numbered X Registers. The two single precision floating point 
numbers comprising a double precision floating point number are 
referred to as the leftmost and rightmost parts as contained in 
the Xn and Xntl, respectively. The leftmost part may be any 
Single precision floating point number and when it is normalized, 
(the leftmost bit of the fraction, in bit position 165 is equal. 
to a one) the double precision. floating point number is 
considered to be normalized. The sign of the fraction and the 
characteristic of the leftmost part constitutes the sign of the 
fraction and the characteristic of the double precision number. 


The fraction field of the Jleftmost part constitutes the 
jeftmost 48 bits of the 96-bit double precision fraction. The 
fraction field of the rightmost part constitutes the rightmost 48 
bits of the 96-bit double precision fraction. The sign of the 
Fraction and the characteristic of the rightmost part cannot be 
utilized from any number constituting an input operand fargument) 
to a double precision floating point operations Such operations 
assume that the sign of the fraction of the rightmost part is the 
same as the sign of the fraction of the leftmost part and that 
the characteristic of the rightmost part is 48 less than the 
characteristic of the leftmost part. However, the formation of a 
double precision floating point result includes making the sign 
of the fraction of the rightmost part the same as that of the 
leftmost part and, except for certain cases involving 
non-standard forms of floating point results, also includes 
making the characteristic of the rightmost part 48 less than the 
characteristic of the leftmost part. 


The following table illustrates hexadecimal exponent codes for 
corresponding non-standard as well as standard floating point 
number 53 
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+ pee edd ee ee ee ee ee) 
Hexadecimal Exponent including coefficient sign 
1 few ce ee ee cer ee ee ewe ee eee ee ee ee we ew eee meee 
Jactual Exponent (to the base of 2) 
j . A OE NE AO SO a ale me ae a ma ee ae ee a a a en a ae ne a sa se 
alae At gEE SS 
| | { [Results 
fe wee ewe eee. $e we nw fe ne ee eo eee ee pew en ween ne re anno -t 
| “~ P7XXX Po were lIindefin te|7000.0--->0 | 
| | ee ee $a w www wee fee ewe eee eee we ee eS 
| { 16FEF 12%*12287 | lOver f low Mask = 0 3 i 
| | ee | ~ lInfinite 15000.00--->00 { 
| | fi 4 ] | [Overflow Mask = 1 3? l 
Coefficient 15000 | 2**4096 ! 1As Shown 1 
Sign Equal | te-<-<-te-%""---- a a a alae {o-=<sSs= AS See SS Ss SSeS + 
} to 0 T4FFF I 2%%4095 ] j | 
{(Positive | + 1] ~ | { ] 
| numbers)> }] | | { 1 l 
! | 14000 12%**0 Standard {As Shown { 
| | [3FFFI2**(-1) | ] | 
j ] tr ot ] | | j 
| | Iv] v ] | ] 
| J EAs cpa ~4096) I j 1 
j ] Se ee nw we we ww fee oe ee no ne on np 
| 1 poe ce aoe *(-4097) | JUnderflow Mask = 0 : j 
| J ii] 4] | {Zero }000.00--->00 i 
1 ] Iv ] v ] !Underflow Mask = 1 3 1 
| | 11000] 2%*(-12288)1 JAs Shown 1 
| 1 Femme few ee mw mee we Fe laalealenteetenteteate foe a ee ee eee ee ee ee eee ween + 
1 v JOXXX] | / | 
pee <-e- <== towne $ ween {Zero {Not Applicable | 
| ms TSxXxx] { ! } 
j J $e cee fee ee eee ewe foe ene w woe $e wee wwe wee ew eee e eeetaneadeadie + 
| } 190001 235(- 12288 | lunder f low Mask = 0 3 i 
j 1 ] ! ” j 10000. 00--->00 ] 
1 | 1 { 1 iZero 1Underflow Mask = 1 3 I 
[Coefficient] AFFFI2**(-4097) | {As Shown j 
{Sign Equal te7-<-t<-<7--<-+--- ese sets ss SiS Hee SSeS sees ese SeS= + 
| to 1 [BO00 | 2**(-4096) | | ] 
{(Negative |] ~ | * | j / 
| Numbers)] | I ! 1 1 i 
| 1 {BFFFI2**(-1) {Standard {As Shown j 
| { 1C000 | 2**0 | ! 1 
1 ] | i ! ! ] 
| | Iv ] v { | i 
{ | | CFFF 12**4095 | | | 
} | i ee pee nn wen wwe pee wow ewww we een ee ween -—+ 
| | 1 ! | 
| { I | 
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| | It] | [infinite  |0000.00--->00 | 
! | Iv !} v | 1Overflow Mask = 1 3 j 
] j JEFFF 12% *12287 | IAs Shown ] 
| { Pe ee ere sm fp se a a wo wow fee ee ewe ee ee ee ene + 
| v JFKXX]o  «---- lindefinite]7000. p0-~=>00 } 
+ 


ae ae an mee eee san ee Saelheuthendie shenticateahenshs: sendieainadiantenatontienienteateetente, dhesteutentcatatentententamtents ead ee es se ae A ee ee ee ame ae ee ee fe 


Floating Point Representation 


7.523 EXPONENT ARITHMETIC 


When the exponent fields from input arguments are added», as 
for floating point multiplication, or subtracted, as for floating 
point divistons the exponent arithmetic is per formed 
algebraically in 2's complement mode. Moreover, such operations 
take places conceptually, as if the bias were removed from each 
exponent field prior to performing the addition or subtraction 
and then restored following exponent arithmetic so as to 
correctly bias the exponent result. 


Exponent Underflow and Overflow conditions are detected for 
all single precision, but only for the leftmost part of double 
precision floating point results. When the generation of the 
exponent of the rightmost part, by reducing the exponent of the 
leftmost part by 48, results in underflow for the rightmost party, 
this underflow is not to be detected and utilization of an Out of 
Range exponent permits the rightmost part of the double precision 
floating point number to correctly express its value. 


72504 NORMALIZATION 


A normalized floating point number has a one in the leftmost 
bit position, 16, of the fraction field. If the leftmost bit of 
the fraction is a zero, the number fs considered unnormalized. 
Normalization takes place when intermediate results are changed 
to final results. Numbers with zero fractions cannot be 
normalized and such fractions remain equal to zero. 


For intermediate results in which coefficient overflow has not 
occurred and the _ initial operands were normalized, the 
normalization process consists of left shifting the fraction 
until the leftmost bit position contains a one and 
correspondingly reducing the characteristics by the number of 
positions shifted. For intermediate results in which coefficient 
overflow has occurred, the normalization process consists of 
right shifting the fraction one bit position and correspondingly 
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increasing the characteristic by one. For double precision 


floating point numbers, the entire fraction participates in the. 
normalization such that the rightmost part may or may not appear 
as a normalized single precision number as determined by the 
value of the fraction. 


For quotient and product instructions (reference numbers 103, 
104, 107, 108) if the operands are unnormalized, the results may 
be unnormalized. 


When exponent arithmetic operations on standard floating 
numbers generate an intermediate exponent which is Dut of Range, 
but normalization requirements generate an adjusted exponent 
which is no longer Dut of Range, then netther Exponent Over flow 
nor Exponent Underflow is recorded for the final results. 


725.5 DOUBLE PRECISION REGISTER DESIGNATORS 


The terms "Xk+1" and "Xj+1l" is used to designate an X Register 
associated with the rightmost part of a double precision floating 
point number. When the leftmost part of a double precision: 
Floating point number, as designated by the terms "Xk" and*Xj" is 
associated with Register XF (Cin hexadecimal] notation) the terms 
"X%k+1" and *Xjf+1" are interpreted as designating Register X00. 


72526 CONVERSION 
The instructions within this subgroup provide the means for 
converting 64-bit words, contained in the K Registers, between 
Floating point and integer formats. 
725.6.1 CNIE-Convert From Integer to Floating Point 
a) Floating Point Convert from Integer, Floating Point (Xk) 
formed from [Integer (Xj). 


CNIF - (Format = jk Op Code = 3A Ref# = 097) 


ow www ewww www ewmwoeowo we df wows eae we we ee eee ee ee ee eS 
| label loperation Jargument 
} 1 2 a 68 6 a ee + > <> 2) ae a ee ee + ae a im /- 2 = a ea 1m “= ae ab me 7 <= =e = =P on 
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7To5e602 CNEI-Convert Floating Point to Integer 


a) Floating Point Convert to Integer, Integer (Xk) Formed from 
Floating Point (Xj). 


CNFI - (Format = jk Op Code = 3B Ref# = 098) 


oh aw em en vem eae tae nee tae ae ap ae ae ee ce ee we ae em ae ee ed a ew a me ee ed 
Habel loperation Jargument 

fone ewe ne pew ene nee pw ww a wn ee ee ee ee eee ewe 
| | CNFI 1XkyXj 


70527 ARITHMETIC 


The instructions within this subgroup provide the means for 
performing arithmetic operations on floating point numbers to the 
extent described in the following subparagraphs. 


7257.1 ADDE,SUBE-Add/Subtracts Xk 


a) Floating Point Sums (Xk) replaced by (Xk) plus (Xj). 


ADDF ~ (Format = jk Op Code = 30 Ref# = 099) 


feeewneeen Se === a 
}labe!l loperation {argument 

ee 0 eee fen ee ew en we ne eee ee ee ee 
| | ADDF Xk Xj 


b) Floating Point Difference, (Xk) replaced by (Xk) minus (Xj). 


SUBF - (Format = jk Op Code = 31 Ref# = 100) 


a a we ne toe - oe e+ ee waren ee ee 
Jtabe] ngpere cr largument 
$oeenne- wet en ne ee -en- fie we wwe ww nn we eee ee eee ene 


| eu Xk eX j 
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7052722 MULE-=Product to XK 


a) Floating Point Product, (Xk) replaced by (Xk) times (Xj). 


MULF - (Format = jk Op Code = 32 Ref# = 103) 


pawn w anne 5 ee nw ewe wena == 
J label loperation {argument 

face ee --- $e ee eee pe a en ee ee ne eee ee 
I | MULF [Xk Xj 


705.723 DIVE-Quotient to XK 


a) Floating Point Quotient, (Xk) replaced by (Xk) divided by 
(Xj). 


DIVF - (Format = jk Op Code = 33 Ref# = 104) 


ee ee ee ee ee we ee ee oe Sp we eee ee cae ee eee me oe me ae ee ee ee ee ee A De en ee ee me ee 
| label loperation f argument 

few ewww enn foe we eee $e eee eee ee -- 
i {DIVF Xk Xj 


7e5e704 ADNDsSUBD-Add/Subtract. Xk and Xkt1 


a) Floating Point DP Sum (Xk, Xk+1) replaced by (Xk, Xkt1) plus 
(Xj» Xj+l). 


ADDD - (Format = jk Op Code = 34 Ref# = 105) 


+ - ea 1 =e ae ee > fw ee ee we me me we ee eee ee Se ee | ee ee Se ee ee 
llabel foperation | argument 
+ 72 a > aS a a a oe + a me an a a oe ai a ae ap - a i a a <P i ap op an 1) ap aD aD =e 4 ee OD ee a oe 


\ } ADDO Xk Xj 
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b) Floating Point DP Difference (Xk» Xk+t1) replaced by (Xk» 
Xk+1) minus (Xj, Xjrl). 


SUBD - (Format = jk Op Code = 35 Ref# = 106) 


fw wee we we fe ee ee sew aw eee aw Ae sa ae se san ae ae ae sie me am ae ae se ae ee sae ee ae 
Ilabel operation Veraumcn® 

teen nn-- op ee ee a fe ee eee we enn wee ~-<--- 
j | suao ixk. Xj 


7o50705 MULD-Product to Xk and Xk+1] 


a) Floating Point ODP Product (Xk» Xk#1) replaced by (Xky Xk#1) 
times (Xj, Xj+l). 


MULD - (Format = jk Op Code = 36 Ref# = 107) 


foe wee ewe Ap aoe sae ne ee ee ee he aw ne ee ee oe sao an se tae sO en Sa ee ee ma Same 
label loperation largument 

hae ew ae oo eh miiaw Seine a we aie i fee we een ee a es we a eee te san ae woe ae me ~~ 
1 {MULD 1XkyXj 


725.726 DIVD-Quotient to xk and Xk+l 


a) Floating Point DP Quotient, (Xk, Xk+#1) replaced by (Xky Xk+#1) 
divided by (Xj, Xjt+i). 


DIVD - (Format = jk Op Code = 37 Ref# = 108) 


$eon--- ee corer a oe we wen enn nee eee 
}label loperation argument 
peewee nn penne wwe nee few w wwe ee ween nn eee ween 
| }DIVD [Xk Xj 


725.8 BRANCH 


The instructions in this subgroup consist of conditional 
branch instructions. 


Each of these conditional branch instructions perform a 
comparison between two floating point numbers. Theny based on 
the relationship between the results of that comparison and the 
branch condition as specified by means of the instruction's 
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operation code, each conditional branch instruction performs 
either anormal exit or a branch exit. 


Normal Exit: When the results of a comparison do not satisfy 
the branch condition as specified by the operation code, a normal 
exit is performed. A normal exit for all conditional branch. 
instructions consist of adding four to the rightmost 32 bits of 
the PVA obtained from the P Register with that 32-bit sum 
returned to the P Register in its rightmost 32-bit positions. 


Branch Exit: When the results of a comparison satisfy the 
branch condition as specified by the operation codes a branch 
exit is performed. A branch exit consists of expanding the 
16-bit 2 field from the instruction to 31 bits by means of sign 
extension, shifting these 31 bits left one bit position with a 
zero inserted on the right and adding this 32-bit shifted result 
to the rightmost 32-bits of the PVA obtained from the P Register 
with the 32-bit sum returned to the P Register in its rightmost 
32~bit positions. ; 


The Assembler sets the instruction's 2 Field according to the 
value of the 'label* subfield of the instruction mnemonics, which 
must correspond to a label of an Assembler statement within the 
currently active section. Relative addresses cannot span section 
boundaries. 


7258.1 BREEO, BRENE.BRECT.,BREGE-Compare and. Branch 
a) Branch to (P) displaced by 2*0 if Floating Point (Xj) equal 


BRFEQ - (Format = jkQ Op Code = 98 Ref# = 109) 


foe ew ow ee pe ee ee > ae me me 8 ia hs a i a ca at aaa a ae al 
label Joperation lar gument 

$e men nnnne fen ewennnes $e ee www ene eonenn so a oe ao ae 
| BRFEQ IXjeXk,»label 


label - byte address of the new location. 
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b) Branch to (P) disolaced by 270 if Floating Point (X]}) not 
equal. to (Xk). 


BRFNE ~- (Format = jk@ Op Code = 99 Ref# = 110) 


tam ee nnn ee fm ae a ee eee wwe eee ene 
abet loperation largument 

0 ne Jee an me sone am ae S soebeeieestzonatipanteman tention lade. stamkaaheteententaniontaadendenliondiakonTeeakentententetuntes tentkankeatkend 
H {BRFNE IX jsXkslabel 


label - byte address of the new location. 


c) Branch tolP) displaced by 2*9 if Floating Point (Xj) greater 
than (Xk). 


BRFGT - (Format = jkQ Op Code = 9A Ref# = 111) 


A sn sta in si se so Sp ww see ais sn sn cae in oe tan we he ae tw on a ee ete Sik Sts eS al 
label _loperation argument 

fon en nn few nnn w nee fen on eee 
| [SRFGT IX jeXks label 


label - byte address of the new location. 


d) Branch to (P) displaced by 2*Q if Floating Point (Xj) greater. 
than or equal to (Xk). 


BRFGE - (Format = jkQ Op Code = 98 Ref# = 112) 


i} me 20 we an 2 we ee vip ne ae en nee ee am eee a oe ee tp 00 ae ee ee ae OP ee ee ED eee ae Re DOD Te Oe ae ee ee ee ae 
[label foperation lar gument 

$onnenn--- ee et ee 
1 {| BRFGE IX joXky label 


label - byte address of the new location. 
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7.5.8.2 BROVR~BRUND,ABRINE-Exception Branch 


a) Branch to (P) displaced by 2*0 if Floating Point Exception. 
per j contained in Xk. 


The values of the rightmost 2 bits of the j field from the 
instruction are associated with exception conditions as 
follows: 


if 00, Exponent Over f low 
if 01, Exponent Under f low 
if 10 or 11, Indefinite 


BROVR - (Format = jkQ Op Code 


tt 


9E Ref# = 113) 


j 
il 


BRUND - (Format = jkQ Op Code 9E Ref# = 113) 


BRINF - (Format = jkQ Op Code = 9E Ref# = 113) 


2 we ee ee res , ee ee ee | — << 
J label loperation fargument 

S ceetemnetechedentemteted $a ee fae ee ewe eee ee eee mene 
| [BROVR { 

| {BRUND [Xk, label 

1 IBRINF | 


label - byte address of the new location. 


The Assembler computes the value of j from the specific 
instruction mnemonic used. 


72528.3 CMPE-Compare 


a) Compare Floating Point (Xj) to (Xk), result to Xl Right. 


CMPF - (Format = jk Op Code = 3C Ref# = 114) 


pw ene eae ee en ce en a ee a an a ae ae ae a a eas te ae a eae 
label loperation largument 
fm wee wee peewee se me woe aoe fh ee ae ae ee ae Hae Se eo te — we 
| | CMPF 1X1 5X j»Xk 
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7e5 SYSTEM_INSTRUCTIONS 
72601 NON-PREIVILEGED MODE 

This class of instructions is permitted to execute in = any 
processor mode. 


a) Execute Algorithm ~ Processor Model Dependent Instruction. 


EXECUTE ~- (Format = Sjkid Op Code = CO-C7 Ref# = 139). 


ee ee me oe ee pe ne ee aa ens 2000 Ss aA nD a MO SO Om He Sele - 
label loperation argument 

powenn---- pew e ween nee $a ween nee een eee w~--<-- 
| [EXECUTE ,S I jeksisD 


b) Program Error. 


HALT - (Format = jk Op Code = 00 Ref# = 121) 


$a wenn ee foe enn ---- a - 
label _loperation lacaument 

$a ene een anne we ee =e $e we own nn enw oe ee eee + 
! }HALT | jk 


c) Synchronization - Scope Loop Sync. 


SYNC - (Format = jk Op Code = 01 Ref# = 194) 


pow ew eee $n en ne nn ee fe ee enn ee nn ween enn e eee - 
| label foperation largument 

few ew eww $on ene n nn - foe wnw ene ween ween ene n eee 
1 1 SYNC 1 jk 


These instructions save the "environment",as designated by the 
contents of Register XO Right, in the stack frame save area 
pointed to by the Dynamic Space Pointer initially contained in 
Register AO. The stack associated with the current ring of 
executions as determined by the RN field initially contained in 
the P Register, “pushed™" by transferring the Dynamic Space 
Pointer, modified in its rightmost 32-bit positions by the 
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addition of 8 times the number of words stored into the stack 
frame save area, to the appropriate Top of Stack entry in the 
executing process's Exchange Package. 


The AO, Al,» and A2 Registers altered to reflect changes with 
respect to the Current and Previous Stack Frames and the A3_, and 
A4 Registers shall be altered to reflect pertinent parameter 
changes as required, in accomplishing this transfer of control 
from a “calling™ procedure to a "called™ procedure, 


Register assignments are as follows: 


{A0)- Dynamic Space Pointer 

(Al)- Current Stack Frame Pointer 
(A2)- Previous Save Area Pointer 
{A3)- Binding Section Pointer 
(A4)~- Argument Pointer 


(XO) RIGHT - the Save Environment is defined as follows? 


Hi 


Bits 52-55: Xs Starting X-Reqg to save 


Bits 56-592: At Final A~Reg to save 


ui 


Bits 60-64: Xt Final X-Reg to save 


a) Call per (Aj) displaced by 8*Q, Arguments per (Ak). 


The PVA obtained from Register Aj is modified in its 
rightmost 32-bit positions by the addition of the 
zero~extended Q field from the instruction, (shifted left 
3-bit positions with zeroes inserted on the right), and the 
resulting PVA is used to address a Code Sase Pointer from a 


Binding Section Segment. This Code Base Pointer is 
translated into a PVA used to address the first instruction 
to be executed in the "called" procedure. The ring of 


execution of the called procedure, P(RN) final, shall be used 
to obtain a Top of Stack pointer from the process Exchange 
Package to be used as the new Current Stack Frame Pointer. 


CALLSEG - (Format = jkQ@ Op Code = 85 Ref# = 115) 


OE o_o fawn wee we ee ewe we ew ee wenn ne 
I label} foperation Jargument 

pore wenn-- oe fawn nen ene meee een eee een 
{ {CALLSEG J|labels,AjeAk 


label - byte address of entry point in the new 
procedure, must be on a word boundary. 
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b) Call to (P) displaced by 8*Q, Binding Section Pointer per. 
(Ag), Arguments per (Ak). 


The P Register shall be modified in its rightmost 32-bit 
positions by the sign extended Q field from the instruction, 
(left shifted 3-bit positions with zeroes inserted on the 
right) and the final contents of the P Register shall be made 
zeroes in the least significant three bit positions (61-63) 
and shal! be used to address the first instruction to be 
executed in the "called" procedure. 


CALLREL - (Format = jkQ Op Code = BO Ref# = 116) 


ton en nnn $ow ee rn ne -- ta en enn een eee ene n ee 
l label operation pile delahiabi 

Se Fie nr re nn fe a ee oe ee ee ene n= ---- 
| ICALLREL Weecr aie 


label - byte address of the location to continue 
execution, must be on a word 
boundary. 


The Assembler computes the value of 9 from the "label® field 
of the instruction mnemonics, which must correspond to a 
label of an Assembler statement within the currently active 
section. Relative addresses cannot span section boundaries. 
The address represented by the tlabelt must be on a word 
boundary. This can be Insured by using the ALIGN pseudo 
Instruction. 
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This instruction re-establishes the Stack Frame and 
Yenvironment" of a previous procedure as defined by the Previous 
Save Area Pointer. 


The j and k fields from this Instruction are not translated by. 
the hardware. Th values have no effect on the execution of this 
instruction for which all execution parameters are implicit. 


The Stack Frame Save Area from which a previous procedure's 
Yenvironment” is obtained, is addressed by means of the PVA > 
initially contained in Register A2. 


The RETURN instruction may. also require qlobal privilege. 
Consult the MIGDS for further information. 


RETURN - (Format = jk Op Code = 04 Ref# = 117) 


peewee nnn $oe nnn oo ween e en eee 
llabel loperation l argument 

few ne e---~ $n eee eee $on-e----- ween ene eee 
1 J RETURN { jk 


TeoSbele4 PDP 


This Instruction rerestablishes the Stack Frame of a previous 
procedure as defined by the Previous Stack Frame*s Save Area. 


The j and k fields from this instruction are not translated by 
the hardware. Th values have no effect on the execution of this 
instruction for which all execution parameters are implicit. 


The Stack Frame Save Area from which a previous procedure's 
Stack Frame pointers is obtained, is addressed by means of the 
PVA initially contained in Register A2. 


pop - (Format = jk Op Code = 06 Ref# = 118) 


pew ome we ee ew we ee ew ee ee lieedieetenetond > ae OD a aD aD DD OO A ED ED Oe aD AO OD Oe 
Habel operation eer gene 
De ee eee ee ee eee 
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7060125 EXCHANGE 


When executed in Monitor mode, this instruction shall change 
the processor from monitor process state to job process state. 


When executed in Job mode this instruction changes the 
processor from job process state to monitor process state. In 
addition, the System Call bit in position 10 of the Monitor 
Condition Register, job process states is sete 


The PVA contained In Word O {P Register) of the Exchange 
Package associated with the state from which the exchange is 
taking place, is updated such that it points to the instruction: 
which would have been executed had the exchange not taken places 
¥e@e, the PVA of the YExchange”™ instruction with 2 added to its 
BN field. 


The j and k fields from this Instruction are not translated 
and their values have no effect on the execution of this 
instruction. 


EXCHANGE - (Format = fk Op Code = 02 Ref# = 120) 


7 oe Se ae ae ae ee oe ae 
label |operation largument 

ten enn---- fern n------ $a ee enn een eo =e wea 
{ JEXCHANGE {! jk 


Ve5e1.6 KEYPOINT 


The Keypoint Instruction allows performance monitoring of 
programs via the optional Performance Monitoring Facility or via 
Trap Interrupts. The Keypoint Instruction shall test bit j of 
the Keypoint Mask Register. The j field, termed the Keypoint 
Class Number (KCN), shall be used as a bit index into the 
Keypoint Mask Register. Thus, a KCN or j field of value 4 tests 
the fifth bit from the left in the Keypoint Mask Register (KMR). 
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a) Keypoint, class js, code equal to (XK) Right plus 0. 


KEYPOINT - (Format = jkQ Op Code = 81 Ref# = 136) 


ee 00 ee ne ee ce ee 0 cm db ce 00 we om ee ee ee ee  etceis, clemtimashenthedbenstontton ales thenskadlien de: ten Ten Neate Toca ie am ee ane ee mae 
I label loperation largument 
fe ee we ee te re ee ee ee ee ee ee ee oe ee ois. ‘skenthonstandieatemtonteamtantnen) er A ee ae Me se se ee 


1 IKEYPOINT | jsXk»Q 
Te6el.7 CMPXA-Compare. Swap 


a) Compare (Xk) at (Aj)3 if not equal, load Xk from (Aj); If 
equal store (XO) at (Aj)3 however, if (Aj) locked, branch to 
p plus 2*Q6 


CMPXA - (Format = jkQ Op Code = B4& Ref# = 125) 


Se ee ae ae ee oe et pow wm aww ee ee ee <0 me Sm Oe A He ee sae ee me ae ee ee ae 
[label loperation Jargument 

, ee ee A ee or 00 ee a On ae ee ee a Ome tee ee a 
! }CMPXA [Xk eAjaX0,y label 


label ~ byte address of the new location, must be in 
the same section. 


A serialization function is performed before this instruction 
begins and again at its end. Execution of this instruction is 
delayed until all previous accesses to central memory on the part 
of this processor are completed. Execution of subsequent 
Instructions is delayed until all central memory accesses due to 
this instruction are completed. 


Conceptually, the execution of this “Compare” instruction on 
the part of a processor results in preventing other processors 
from accessing any part of the central memory word at the PVA 
contained in Register Aj between the read and write accesses 
associated with the execution of this instructions provided such 
processors are also executing a "Compare" instruction. With 
respect to this instruction only, in order. to satisfy its 
"“non~preemptive”™ requirement, the use of 64-bit words consisting 
entirely of ones in their leftmost 32-bit positions, 00 through 
31, is reserved for each processor's implementation of this 
instruction. 
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7062128 LBSEI-Load Bit 


a) Load Bit to Xk Right from (Aj) bit indexed by (X0) Right and. 
set bit in central memory. 


LBSET - (Format = jk Op Code = 14 Ref# = 124) 


+ i a a me am a Floats iumeknaitenkaatiadoadioetonstnantonte te Que am ae a see an ae em ee ee > a ae a 
piepe loperation Jargument 
$rewerenn= $owen nnn -- fem wenn ew eee wn ne eee ne eee - 
| {LBSET [Xk »AJj2XO 


This instruction transfers a single bit into Register Xk 
Right, bit position 63, from a bit position in central memory. 
This instruction also clears the Xk Register in its leftmost 63 
bit positions, 00 through 62. The bit position In central memory 
is unconditionally set without changing any other bit Poe cee 
within the byte or word. 


No other accesses from any port shall] be permitted access to 
the byte in central memory from the beginning of the read access 
until the end of the write access which sets the bit within that 
byte. 


A serialization function is performed before this instruction 
begins and again at its endinge Execution of this instruction is 
delayed until allo previous accesses to central memory by this 
processor are completed. Execution of subsequent instructions by 
this processor is delayed until all central memory accesses from 
this instruction are completed. 


726.129 [PAGE-Test Page 


a) Test Page (Aj) and Set Xk Right. 


TPAGE - (Format = jk Op Code = 16 Ref# = 126) 


$ennceene= $eceeenn- we fa wn wenn en eee ee een nee 
[labe!} loperation fargument 

oe power on---~- $a we wee ee nn ee ee enw nn ne 
H IT TPAGE [XksAj 


This instruction shall test for the presence of the page in 
central memory corresponding to the PVA contained in Register Aj. 
When this instruction finds the corresponding page in central. 
memory, the "Used® bit in the UM field of the associated Page 
Descriptor is sets and the Real Memory Address (RMA) translated 
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from the PVA contained in Register Aj is transferred to Register 
Xk Right. When this instruction cannot find the corresponding 
page in central memory, Register Xk Right is set fn bit position 
32 and cleared in bit positions 33 through 63. 


70601410 CPYTX-Copy Eree Running Counter (TIME) to _x 
a) Copy to Xk from Central Memory Maintenance Register at (Xj) 


CPY¥FX - (Format = jk Op Code = 08 Ref# = 132) 


pone n----- fae w nnn ee n= foww enn ee were een eee eee 
| label Joperation largument 

$omene-- mater e n-ne -- Se oe --<= 
| }CPYTX Xk Xj 


This instruction shall copy the central memory Maintenance 
Register specified by the contents of Register Xj into the Xk 
Register. All 64 bits of the Xk Register shall be cleared before 
the selected register is copied into it. 


2 seo s 


T2622 LOCAL PRIVILEGED MODE 


This class of instructions shall. be permitted to execute only. 
from segments having either local privileged mode oor gqlobal 
privileged mode. If an instruction in the local privileged mode 
class attempts execution from a segment having neither local nor 
global. privileges, a Privileged Instruction Fault shall be 
detected, execution of that instruction shall be inhibited, and 
the corresponding program interruption shall occur. 


Instructions tn the local privileged mode class are executable 
whenever a processor is executing instructions from a segment 
whose Segment Descriptor defines that segment as either a local 
privileged executable segment or a global privileged executable 
seqment. 
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7260221 LPAGE-Load Page Table. Index 


a) Load Page Table Index per (Xj) to Xk Right and Set X1 Right. 


LPAGE ~- (Format = jk Op Code = 17 Ref# = 127) 


porn n--~e $oweeen---- $e wenn wenn eee eee ~----- 
llabel soperation yar gurene 
+ ee ee ee ee ee Me Ete RE Ee Re ee ee ee ee ee se es SS 
| 1LPAGE 1XkeXJoXl 


This local privileged instruction searches the Page Table in 
central memory, returns the final index value to Register Xk 
Right, and sets Register X1 Right according to the results of the 
search. 


The entry searched for within the Page Table is defined by the 
System Virtual Address (SVA) contained in Register Xj. | 


The number of entries searched shall always be transferred to 
Register Xl Right, bits 33-63, right- justified with zeroes 
extended. 


When a Page Mfescriptor corresponding to the SVA initially 
contained in Register Xj is found, the index into the Page Table 
which is associated with that entry shall be transferred 
right-justified and zero-extended to Register Xk Right, and bit 
32 of Register X1 Right shall be set. 


When the Page Table search terminates as a result of not 
finding a Page Descriptor which corresponds to the SVA initially 
contained in Register Xj (whether the termination results from a 
Continue bit equal to 0 or performing a maximum of 32 
comparisons), the index Into the Page Table associated with the 
last entry compared shall be transferred into Register Xk Right 
and bit 32 of Register X1 Right shall be cleared. 


726.3 GLOBAL PRIVILEGED MODE 


This class of instructions shall be permitted to execute only 
from segments having global privileged mode. If an Instruction 
in the global privileged mode class attempts execution from a 
segment not having global privileges, a Privileged [Instruction 
Fault shall be detected, execution of that instruction shall be 
inhibited, and the corresponding program interruption shall 
OCCULrs 
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Global privileged mode exists whenever the processor is 
executing instructions from a segment whose Segment Descriptor 
defines that seqment as a global privileged executable segment. 


7e60e30e1 INTRUPT-Interrupt Processor 


a) Interrupt Processor per (Xk). 


INTRUPT ~- (Format = jk Op Code = 03 Ref# = 122) 


forenn- tet etn ee ween we ee eee eee ee 
{label Joperation lavoumen 

$rcennn- et $n eecnn ne --------- a2 
i LINTRUPT = [Xk j 


The execution of this global privileged class instruction 
sends an external interrupt to one or more processors via their 
central memory ports. The processors are identified by the 
central memory port number to which they are connected. 


The interrupting processor sends the contents of Register Xk 
to central memory. Central memory then sends an external 
interrupt to the processor(s) on those ports whose port numbers 
correspond to the bit positions which are set within Register Xk. 
When the interrupting processor has two ports connected to the 
Same memory, a “Switch” selects the port used to transmit the 
contents of Register Xk to central memory along with the 
"Yinterrupt™ Function. 


When the interrupting processor has two ports connected to 
independent memories, the state of Bit 33 of Register Xk selects 
the port used to transmit the contents of Register Xk to central 
memory along with the *"interrupt™ function. When Bit 33 Is 
clear, Port 0 is used; when Bit 33 is set, Port 1 is used. 


A serialization function is performed before this instruction 
begins execution. That Ss,» execution of this instruction is 
delayed until all previous central memory accesses on the part of 
the interrupting processor are complete. 


720604 MIXED MODE 


This class of instructions includes those instructions whose 
mode is dependent on a parameter selection within the 
instruction. Depending on the value of the parameter, the mode 
of the instruction is non-privilegeds, local privileged, global 
privileged, or monitor. The description of each instruction 
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defines which parameter selects the mode and how the selection is 
made. 


7.6.4.1 BRCR-Branch and Alter Condition Register 
a) ranch to (P) displaced by 2*Q and aiter Condition Register 
per jke 


BRCR ~ {Format = jkQ9 Op Code = 9F Ref# = 134) 


|} label loperation {argument 
he eo ee we ee ee ee + 0 a a ae ae ae ae a a > 10 00 ee a Sn A te aime en <> an se a0 Am oom so ste on on an 


label - byte address of the new location. 


This instruction tests the value of a selected bit in the 
Condition Register. The j field selects the bit number within 
the Monitor Condition Register or within the User Condition 
Register depending on the k field. The k field shall also 
determine the branch decision and Condition Register bit 
alteration as follows: 


k = O or 8, if bit j of the Monitor Condition Register is set, 
clear it and take a branch exit. 


k = 1 or 9, if bit j of the Monitor Condition Register is not 
set, set it and take a branch exit. 


k = 2 or As if bit j of the Monitor Condition Register is set, 
take a branch exit. , 


k = 3 or By, if bit j of the Monitor Condition Register is not 
set, take a branch exit. 


k = 4 or Cs if bit j of the User Condition Register is set, clear 
it and take a branch exit. 


k = 5 or Dy if bit j of the User Condition Register is not set, 
set it and take a branch exit. 


k = 6 or Ey, if bit j of the User Condition Register is set, take 
a branch exit. 


k = 7 or F, if bit j of the User Condition Register is not set, 
take a branch exit. 
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SE A A ES A A AN ER A A AE A A se 


Monitor and Privileged Mode - Some values of the k field of this 
instruction shall cause this instruction to be a Monitor or 
Non-privileged instruction as follows: 


k | Mode 

se 0 ae ne aw te en se ae ab Oe Se ae toe ee 
G6 or 8 |] Monitor. 

1 or 9 | Monitor 

2 or A | Nonwpriviteged 
3 or B | Non-privileged 

i 

4 or C | Non-privileged 
5 or D 1 Non-privileged 
6 or E | Non-privileged 
7 or F | Non-privileged. 


Te604e2 CPYSXsCPYXS-Copy State Registers 


These instructions provide the means for copying certain state 
registers to and from X Registers. The state register is 
addressed by means of the rightmost 8-bits initially contained In 
Register Xj Right. 


The address assignments are defined in Table 2.6-1 and the 
restrictions In Table 2.6~-2 of the MIGDS. 


a) Copy to Xk per (Xf). 
CPYSX ~- (Format = jk Op Code = OE Ref# = 130) 


neo e-- a oe $a wren wwe ne He we eee wenn 
[label loperation largument 

femme nnn we teow ene w nee awe ee ewe ee ewe wwe ee maw 
| ICPYSX Xk Xj 


This instruction copies the contents of the state register 
addressed by the contents of Register Xj Into Register Xk. This 
instruction is a non-privileged instruction. 
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b) Copy from XK per (Xj). 


CPYXS - (Format = jk Dp Code = OF Ref# = 131) 


dp ow 0 som wee ae ae ae sane ae a sae se eee aon se tae eo ee pe a we 00 en ee nae me ae ee ae ee ae ‘0 a sn Se am mm a se 
Lbpoaae loperation [argument 

— on oe me we ee ee eee ee ee eee ae an 
H {CPYXS [Xk +X j 


This instruction copies the contents of Register Xk into the 
state register addressed by the contents of Register Xj. 


72624.3 PURGE-Purge Buffer 


a) Purge Buffer k of Entry per (Xj). 


PURGE - (Format = jk Op Code = 05 Ref# = 138) 


we ee ee ee eee ee te Aa Se ee SA sete aD ae ae a aD See se ee a - 
ITabel loperation lar qument 

per enee--- oe ee - 
i | PURGE IX jek 


The Purge Buffer instruction invalidates entries in the Map 
and Cache buffers. The purge may invalidate all entries in a 
buffer, invalidates all entries in a buffer which derive from a 
given segment, invalidate all entries in a buffer for aeiéegiven 
page, or invalidate all entries in a buffer for a given 512 byte 
block. Register Xj contains the required address information, 
either System Virtual Address (SVA) or Process Virtual Address 
(PVA). 


An SVA contains the Active Segment (ASID)in bits 16 through 31 
of Register Xj. A PVA contains the Segment number (SEG) In bits 
20 through 31 of Register Xj. Bits 32 through 63 contain the 
Byte Number (BN) for either an SVA or a PVA. The rightmost 9 
bits of the BN are ignored and assumed to be zeros since’ the 
smallest purgeable portion of a buffer is a 512 byte page or a 
512 byte block of a larger page. Proportionately more rightmost 
bits of the 8N are ignored and assumed to be zero as page size 
becomes larger than the 512 byte minimum. 


16 20 32 55 63 
ca AO SEE ED ED ED ED ED De ee a a en ‘af see 00 a 20m sem se sa nn sae wee ap mn ee Ae ame a pe oe ww ewe ee > 
VII SEG | BN Wan 
+ ae 1. 2 a ae ae ew 2 ap a ae ee ee oe ee ee ee a ee ee oe ee Bl Sa a Sie aie a ae ie a a > 1 7 = ah a 4h a a ae =P +- — 2 ab 7 7. <a a aD +} 
| 1 ASTID | BN VISITHITN 
+ DD A ED DD a ee am en ee ee ee + ee ee ee ee > an ae aD De ae ee ee oe Dm ee ee ee + 
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The value of k determines the buffer to be purged, the range of 
entries to be purged, and the type of addressing used to 
determine the range of entries to be purged. The definition. of k 
follows. 


k=O, Purge all entries in Cache which are included in the 512 
byte block defined by the SVA in Xj. 

k=1, Purge al!) entries in Cache which are included in the ASID 
defined by the SVA in Xj. 

k=2, Purge all entries in Cache. 

k=3, Purge all entries in Cache which are included in the 512 
byte block defined by the PVA in Xj. 

k=4->7, Purge all entries in Cache which are included in the SEG 
defined by the PVA in Xj. 

k=8, Purge all entries in Map which are included in the page 
defined by the SVA in Xj. This size of the page involved 
shall be determined by the contents of the Page Size Mask 
Register. 

k=9, Purge all entries in Map which are included in the ASID 
defined by the SVA in Xj. 

K=A, Purge all information from the map pertaining to the PTE 
defined by the PVA in Xj. The size of the page’ involved 
shall be determined by the contents of the Page Size Mask 
Register. 

k=B, Purge all information from the MAP pertaining to the SDE 
defined by PVA in Xj, and to all PTE'’s included within 
that segment. 

k=C->F, Purge all entries in Map. 


For k=O, 1s 25 8->F this instruction is a loca) privileged 
instruction. [ft is non-privileged for all other values of k- 


Te? VECTOR INSTRUCTIONS 
7e7eol GENERAL DESCRIPTION 


This class of instructions operate on vectors, that is»: 
sequences of full-word integer or real number S. These 
instructions are only implemented on the Cyber 180 Model 990. 
Attempting to execute a vector instruction on any other processor 
will result in an Unimplemented Instruction condition. 


72722 COMMON ATTRIBUTES OF VECTOR INSTRUCTIONS 


All vector instructions utilize the jkiD instruction format. 
However, some instructions do not use all operand fields. In 
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general, the J operand either is an A register which points to a 
source vector, or is an X register which contains a value which 
is turned Into a vector by "broadcasting" or repeating the value 
the necessary number of times. The K operand is an A register 
which points to the destination vector. The I operand is 
normally a second source vector, but is used differently by some 
instructions. All] addresses used by vector instructions must 
point to a word boundary, or an Address Specification error will 
result. 


In the instruction descriptions that follow, V(Aj) represents 
either the vector addressed by Aj, or the broadcast vector. 
created from the value in Xj. 


The D field contains the length of the vector, when non-zero. 
It must be an positive integer less than or equal to 512. This 
is the size of the vector in words. When the rightmost.ten bits 
of the D field are zero, X1 Right specifies the length of the 
vector. When X1 Right is negative, an Instruction Specification 
error is recorded. When Xi Right is greater than 512, 512 is 
used for the size of the vector. When the rightmost ten bits of 
the D Field are greater than 512, an Instruction Specification is 
recorded. 


The leftmost bit of the DBD field is set by the Assembler when 
the J operand is an X register, to indicate that broadcasting 
Shall take place. 

7.7.3 INTEGER VECTOR ARITHMETIC 


727.23.1 ADDXV-Add_ Integer Vectors 


a) Integer vector sum, V{Ak) replaced by V{Aj) plus V(AI). 


ADDXV ~ ( Format = jkiD Op Code = 44 Ref# = 172) 


peewee wenn $o—2-n= ee re 
llabel _ jfoperation lfarqument 

oe oe 0 ----= 
] J ADDXY JAksAjeAi,D 

] { ADDXV [AksXj,Ai,D 


The first form of this instruction adds each word in the 
vector pointed to by Aj to the corresponding value in the vector. 
pointed to by Ai, storing the result in the vector pointed to by 
Ak. The second form adds the value in Xj to each word pointed to 
by Ai, storing the result in the vector pointed to by Ak. 
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Teteo3e2 SUBXY-Subtract Integer Vectors 


a) Integer vector difference, V(Ak) replaced by V{(Aj) minus 
V(Ai). 


SUBXV - ( Format = jkiD Dp Code = 45 Ref# = 173) 


he an ae ae ae ee a ee pe ee a ae sow esa fe se aoe a man ne a sa ae ew 0 Se a ae sa se 
[label loperation largument 

penne n-ne owen n-ne pew we we wen ow ene wee eee 
| | SUBXY VAkeAjeAiyD 

| ] SUBXYV TAksXjsAigD | 


In the first form, each value in the vector pointed to by Ai 
is subtracted from its corresponding value in the vector pointed 
to by Aj. The results are stored in the vector pointed to by Ak. 
In the second form, the values pointed to by Ai are subtracted 
from the value in Xj- 


72724 INTEGER VECTOR COMPARISON 


The following four instructions compare corresponding elements 
of two vectors. The results are stored in the vector indicated 
by Ak. If the compare is true, bit 0 of the corresponding word 
In V(Ak) Is set and bits 1 through 63 are cleared. If the 
compare is false, bits 0 through 63 are cleared. If the second 
form is used, where Xj is specified, each value in V(Ai) is 
compared to the value in Xj. 


The following example shows the results in V{Ak) after the 
instruction is executed. 


CMPEQV A9,A7,A8,3 


por eww e + SS slatted + wee ew om + 
AT-->] 230] AB-->] 200] A9-->100...001 
] 754 ] 75] {binary)110...00] 
i 16] | 27] }00...00] 
por ween + Powe we me +  iaieaieateaheriaatend + 


7o7e4el CMPEOV-Integer Vector Comparison. -_Egual 


a) Integer vector compare, V{Ak) replaced by V{Aj) equal to 
V(Ai). 
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A ae Da ED SE A on 2 EP OD OD ee ee ce ee ee ee 1 ee ee ee a ee ee ee a ee ee 8 es ee ee es 


dow ewem enn poe n wee nnn few eee ewe eee eee eee ewe 
abel loperation largument 

en fe eee ee hm 0 aoe aw ee ee ae a oe ‘00 00 se se st so sm see sae san 0 
] ICMPEQV [Ak»sAJsAT,D 

| |CMPEQV LAksXjsAisD 


7e724.2 CMPLTV-Integer Vector Comparison -_ Less Than 


a) Integer vector compare, V(Ak) replaced by V(Aj) less than 
V(Ai). 


CMPLTV - (€ Format = jkiD Dp Code = 51 Ref# = 177) 


awe ee wwe ww ew wwe wwe fae ee ee we em ee ee 
[abel operation lar gument 7 

. fe a nee ae tn ste ae cae tae san ome Ap ee san 200 00 si an nie ee an te a 
{ ICMPLTV [Ak,Aj,Ai,D 

] ]CMPLTV [Ak sXjsAisD 


Tete4e3 CMPGEV-Integer_ Vector Comparison. -_ Greater Than Or Equal 


a) Integer vector compare, V(Ak) replaced by V(Aj) greater than 
or equal to V{(Ai). 


CMPGEV - ( Format = jkiD Op Code = 52 Ref# = 178) 


oe $ao-=- we oe fan we ew on wee ween nn eee 
flabel loperation Voud caer 

fmm ewww wee Fe ee eee oe ae an a A sa a a sae a 
1 | CMPGEV laksAj. Ai,D 

| {CMPGEV [AksXjeAiedD 


7o7e4e4 CMPNEV-Integer Vector Comparison. -_Not Equal 


a) Integer vector compare, V(Ak) replaced by V(Aj) not equal to 
VCAI). 


CMPNEV - ( Format = jkiD Op Code = 53 Ref# = 179) 
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foe ewn nnn $ane nnn nn ~- fe wee ee ee ww eee new ene 
llabel Joperation largument 

pw we ee $e eee we oe pw ee ne ae me oe ae ae te a A sa ste oe am a ee 
1 1CMPNEYV TAksAjeoAi sD 


] ICMPNEV [AksXjrAisD 
7e725 SHIFT VECTOR CIRCULAR | 
a) Shift vector circular, V(Ak) replaced byV(Aj), direction and 
count per V(A}). 


SHFV - ( Format = jkiDd Op Code = 4D Ref# = 180) 


pew nee ewe pe ee ee ee ee ee ee err - 
| label joperation fargument 

power cn--- wt en enn enn $e wn www ene ee wa eee wn 
| 1SHFV [AksAjeAieD 

i }SHFV TAksXjoAioD 


This instruction performs a left circular shift on each 
element of V(Ai), as directed by the corresponding element of 
V{Aj), storing the results in V(Ak). The shift count for each 
element of V{AI) Is taken form the rightmost 8 bits of the 
corresponding element of V(Aj) and is interpreted as follows: 


The sign-bit In the leftmost position of the 8-bit shift count 
shall determine the direction of the shift. When the shift count 
is positive (sign bit of zero), this instruction shall left 
shifte When the shift count Is negative (sign bit of one)», this 
instruction shall right shift. Shifts shall. be from 0-63 bits 
left and from 1-64 bits right. Based on an bit signed 2's 
complement shift count, these shifts are as Follows: 


0111 1111 -=-N 
3 “-- Left Shift 0-63 
0100 0000 --/ 


0011 1111 Left Shift 63 
0000. 0000 Lert Shift 0 
1111 1111 - Right Shift 1 
1100 0000 Right Shift 64 


1011 1111 -=N 
: -- Right Shift 1-64 
1000 0000 --/ 
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When these interpretations of the shift count result in an 
actual shift count of zero, the instruction transfers the element 
of V{AI) to the corresponding element of V{Ak) with no shift. 

when broadcast of V(Aj) is selected and j=0, the contents of 
the XO register shall be interpreted as consisting entirely of 
zeros. 
7e7e6 LOGICAL VECTORS 


Te7.6e1 LORV-Inclusive Or Vectors 


a) Logical vector sum, V(Ak) replaced by V(Aj) OR VCAH). 


IORV - ( Format = jkid Op Code = 48 Ref# = 181) 


powawoewen a OS as jh a a ch kk ee pe 
| label operation largument 

fo wwnwe a een $e wee eee eee ee een eee 
i J TORV [AksAjsAieD 

}roRV [Ak sXJjeAioD 


7726-2 XORV-Exclusive Or Vectors 


a) Logical vector difference, V(Ak) replaced by V(Aj) XOR VAI). 


XORV ~ € Format = jkiD Op Code = 49 Ref# = 182) 


few ee ey ee www nw ewww we wwe rn es 
| label {operation favaument 

$eccnn---- teen n----- $a en nnn ween nnn eee ene 
| {XORV PAksAjsAisD 

1XORV LAksXjsAieD 


7272603 ANDV-Logical And Vectors 


a) Logical vector product, V(Ak) replaced by V(Aj) AND VUAI). 


ANDV ~- ( Format = jkiD Op Code = 4A Ref# = 183) 


Ah 0 ne ae ee ce ee ee ee ap eo ee ee a ee 3 mw ee re ee Ee eet Reale Rete eRe Ed 
‘label opesaclon Ter seneat 

ew we me we , ee ee ee ee ees 
{ | ANDV errr 


| J ANDV TAkyXjfoAieD 
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Teo?e? CONVERT VECTORS 


7o7.7.1 CNTEVY-Convert Vector From Integer to Float 


a) Convert vector, floating point V(Ak) formed from integer 
V{Aj). 


CNIFVY - ( Format = jkiO Op Code = 4B Ref# = 184) 


$uw eww wee foe een ~~~ as 
J label yoperation: largument 

few ww cee ee he ae ee ae ae ee a ae ee ae ome mm 
i 1CNIFV JAk»AFsD 

i {CNIFV [Ak »XJeD 


7.7.7.2 CNIEV-Convert Vector From Eloat_ to Integer 


a) Convert vector, integer V(Ak) formed from floating point 
V{Aj). 


CNFIV - ( Format = jkiD Op Code = 4C Ref# = 185) 


7 oe eh ee ee ee wm foe wwe eee SoS a a eo 
label operation largument 

hi a a ee Sea ee $eee semen wn sp ne 0 ae sae nae man ma a wee Oe me nie ae ae we ae a a a 
| | CNFIV TAk»Aj,D 

I CNFLV Pak yX Jed 


72728 FLOATING POINT VECTOR ARITHMETIC 


7.7.8.1 ADDE-Eloating Point Vector Sum 


a) Floating point vector sum, V(AkK) replaced by V{Aj) plus V(AT). 


ADDFV - {( Format = jkiDd Op Code = 40 Ref# = 186) 


owen ~n-- oe wpe ee wee we ee oe en ewe wen eee 
I label [operation argument 

S cioathentoetomtanshondtontcondieens ww ween ee er ee ee ee OD ab ee on a ee ee oe ee 
} JADDFV iat Aj»AisD 

| | ADDFV LAksX jxAisD 


7e7e8.2 SUBEV-Floating Point Vector Difference 


a) Floating point vector difference, V(Ak) replaced by V(Aj) 
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minus V(Ai). 


SUBFVY - ( Format = jkiO Op Code = 41 Ref# = 187) 


$ern--- ---t------- ee ~<--- 
| abel popera en largument 

5 en fp ee on ne ae a we ae (hw ee ae ee an ee hn a an ee a Oe se a 
| |] SUBFV [AksAjsAT,D 

| | SUBFV [AksXjsAieD 


72728.3 MULEV-Floating Point Vector Product 


a) Floating point vector product, V(Ak) replaced by V{Aj) times 
V(AT), 


MULFV - ( Format = jkiD Op Code = 42 Ref# = 188) 


$ocen----- $o--------- fe ee enn one ne ee ee ee 
[label hopersior | argument 

Fe ae ee eens ae a se a Oe sn Oe a a 
1 IHULEY | [Ak sAjyATQD 

| | MULFYV JAksXJoAieD 


727.824 OLVEV-Floating Point Vector Quotient 


a) Floating point vector quotient, V(Ak) replaced by V(A7) 
divided by V(Ai). 


DIVFV - ( Format = jkiD Op Code = 43 Ref# = 189) 


oe ooo poew nnn ew ewnn-e = omen --- 
label foperation largument 

$owwn-= ee $a we een won w nee ee 
| [DIVFY JAksAjsAieD 

| [DIVFV TAksXjsAieD 


7e7e9 FLOATING POINT VECTOR SUMMATION 


7e729.1 SUMEY-Floating Point Vector Summation 


a) Floating point vector summation, Xk replaced by summation of 
elements in V(Ai). 


SUMFV ~- ( Format = jkiD Op Code = 57 Ref# = 190) 
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Tel eIel SUMFY-F loating Point HEECOE Summation 


fan nn nnn $mew enn eee Oe oe 
label loperation argument 

$oewnne nee fee nen nee $a ee ee ewe eee ee ee een eee 
{ }SUMFYV IXk,AisD Merge Vector 


Fe7e 9.2 MEOV—Merge Vector 


a) Merge vector, V{Ak) partially replaced by V(Aj) per mask 
V(AI). 


MRGV ~- ( Format = jkiD Op Code = 54 Ref# = 191) 


Sp oe ne ee ee om oe om sae fe ee ee ee ee ee se om 0 ee ee see a ee ee ee ee ee Oe ee ee am a Oe ae ee ee _ 
Hiabel foperation argument 

mew we = sae oe ae ee ee oe ae ee a a ee 0 ee eee ee ee a en Oe 
[MRGV iain 


This instruction replaces the first element of V(Ak) with the 
first element of V(Aj) If bit 0 is set in the first element of 
V{Ai). If bit 0 is clear, the first element of V(Ak) is left 
unchanged. This operation in repeated for successive elements 
until the required number of operations has been performed. 


7.27.10 GATHER AND SCATTER VECTOR 

727.10.1 Gather Vector 

a) Gather vector, V(Ak) replaced by gathered V(Aj) with Interval. 
Xi. 


GTHV - ( Format = jkiD Op Code = 55 Ref# = 192) 


$eewennnn- pane nnn n-ne peewee nnn enn nee won ----- 
abel Topeter ton largument 

few ween a eee 
/ io PAk,Aj,Xi,0 

| [GTHV [Ak sXjsAi,D0 


This instruction obtains the first element from V(Aj) and 
stores it as the first element of V{(Ak). The second element to 
be stored in V(Ak) is taken from the address formed by adding the 
rightmost 32 bits of Ki, shifted left three places with zero 
fill, to the rightmost 32 bits of Aj. Successive elements iin 
V(Ak) are taken from the address formed by adding the rightmost 
32 bits of Xi, shifted left three places with zero Fill, to the 
rightmost 32 bits of the previous address. The Nth 
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CLe2s3deeeeaNveee)} element of V(Ak) is replaced by V{Aj) whose 
address ts (Aj)+9%(n-1)*(X1). The contents of register Xi are 
not altered by the execution. 


Thus, contiguous vector V(Ak) is formed by gathering elements 
from V{Aj) at interval Xi. 


7o7.10.2 Scatter Vector 
a) Scatter vector, V{Ak) replaced by scattered V{Aj) with 
interval Xi. 


SCTV - ( Format = jkiD Op Code = 56 Ref# = 193) 


pw we mewn , ee eee ee o— e se e  e e 
llabe] poper ation largument 

pe ee ee ee a ee ee ee ee Sp ne a ae a ee ae ae a eee — 
| ceed TAksAJfeXisD 

| ISCTV JAkyXj,Ai,D 


This Instruction obtains the first element from V(Aj) and 
stores it as the first element of V(Ak). The second contiguous 
element from V(AJ) is stored into V{Ak) at the address formed by 
adding the rightmost 32 bits of Xi, shfited left three places 
with zero fill, to the rightmost 32 bits of Ak. Successive 
elements from V{Aj) are stored into the addresses formed by 
adding the rightmost 32 bits of Xi, shifted left three places 
with zero fill, to the rightmost 32 bits of the prevous address. 
The Nth (Lyp2s3eeeesNse0ee) element of V(Aj) is stored into V{Ak) 
at (Ak)+8*(n-1)*)Xi). 


Thus, the contiguous elements from V{Aj) are scattered in 
V(Ak) at interval Xi. 
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Bol SYMBOLIC NOTATION 


The label Field of a symbolic machine instruction 
optionally contains a symbol. If there is a label presents it 
is assigned the value of the current location counter. 


The operation field of a symbolic machine instruction 
contains the instruction mnemonic which is a pre-defined three 
or four character name. The first two characters generally 
describe the function to be performed (ie. data transmission, 
arithmetic, etc.). The third character indicates the 
addressing mode used. And if there's a fourth character this 
indicates it's a “long” machine instruction using a 16~bit 
operand rather than a 12-bit operand. 


The argument field of a symbolic machine’ instruction. 
contains one or two subfields. Each subfield contains an 
absolute oor relocatable expression that reduces to a 6~bits 
12-bit or 18-bit value. 


An optional comment field may follow the last subfield of 
the argument field. A comment must begin with the period (.) 
character. 


Be2 JOU_MACHINE INSTRUCTION _ FORMATS 
Al? [OU Instructions are represented tn one of “four 


formats. Two of these use a single 16-bit word and the other 
two use two consecutive 16-bit words. These formats are shown 


be low. 
16-bit Formats 

4 5 5 6 
8 2 8 3 
: oe $e wwe on owe wwe ewww we pre nn we wee meee ewe ewe ne + 
ig 1000 ‘ f 1 d ! 
ee eee ee $ow ew wn ewe — ee ee ee + 
ee $e ewe w nee aww eee ene ee + 
Ig 190001 f 1 si c ! 
a ns ee ee ere -+ 
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32-bit Formats 
4 5 5 6 
B 2 8 3 
, ee ere eww we eee ee em fee eee eee oe + 
Ig Joo 0} f ! d 1 
a oe fe we ee on ee ee ew enw ew pew ween ee ee rare + 
{0 Ge m | 
ae ee | a a a a a an i ee ee ee ee eed Ca 
ee ae femme wena wena maa pueda ae mee me + 
1g ee! f | c H 
oe ee eee ee ete ee er rere rere + 
1o "a 00 | m | 
Slee pare wn ee ew eee eee ween ooo -+ 


The following field descriptions apply to both instruction. 


Formats: 

f 6-bits the least significant 6 bits of the 7 bit 
operation code. 

d 6-bits an operand, part of an operands or an 
address specification depending upon. the 
instruction. 

c 5-bits a channel] number. 

m l2-bits part of an operand, an address 
specification or an [/0 function code 
depending upon the instruction. 

q 1l-bit the most significant bit of the 7 bit 
operation codes; gq controls the width of. 
the value read or written from IDU memory. 
If g is Oo, the operand is 12 bits; if g is 
one the operand is 16 bits. 

$ l-bit a sub-operation code used with certain 1/0 


instructionse 


0 unused bits which should be set to zero. 
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8.3 JOU _ADDRESS MODES 


IO0U instruction operands are determined by the address mode 
of the instruction. The 16-bit or 32-bit instruction format 
provide for 5, 6, 12+ 16 or 18 bit operands and 6 or 12 bit 
addresses. 


B.3.1 NO-ADDRESS MODE (N) 


The noraddress mode used the d-field directly as a 6-bit 
operand. 


8.3.2 CONSTANT MODE (C) 


The constant mode uses the d-field and the m-field directly 
as an 18-bit operand. The d-field contains the most 
significant 6 bits and the m-field contains the least 
significant 12 bits. 


8.3.3 DIRECT MODE (0D) 


The direct mode uses the d-field as the 6-bit address of a 
12 or 16 bit operand in memory. 


8.3.24 INDIRECT MODE (1) 


The indirect mode uses the d-field as the 6-bit address of 
a word in memory that is used as the address of a 12 or 16 bit 
operand in memory. 


Be3.5 MEMORY MODE (M) 


The memory mode uses the d-field and the m-field to specify 
the address of a 12 or 16 bit operand in memory. 


If the d-field its zero, the m-field is used as a 12 bit 
address (bits 52-63). 


If the d-field is not zero, the d-field is a 6-bit address 
of a 12-bit index. This index is then added to the m-field to 
generate the 12-bit address of all the possible I0U 0 memory 
lacations ( 0 to 07777(8)). 


The i2-bit address is specified by d and m as follows 
(expressed in octal): 
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1 d=0 | 0 { 0 j m ! 
{d/=0, (d)=0 | 0 ! 0 | m | 
}d/=0, (d)=7777 { 0 j 7777 | m | 
{d/=), OSCE CTETE | (d) } {d) | m+(d)] 
few ew we ww ee ee ene ees fw ewe ene n paw ew enw nnn toon en oes 


Note, in the block I/0 = and central memory access 


instructions, d has an alternate meaning and is not used in 


address computation. The first word address for these 
instructions is gotten directly from m and can reference 
location 7777(8). 


8.4 NOMENCLATURE _USED_IN_ TOU INSTRUCTIONS 


This is the nomenclature used in the following instruction 
descriptions. 


A Refers to the A-register (arithmetic 
register). 


(A) Refers to the contents of the A-register. 

X Refers to one bit field which can be either 0 
or li. 

c Refers to channel number. 

d Refers to the value of the d-field 


(no~address mode). 


dm Refers to the 18-bit value obtained From the 
d-field and the m-field (constant mode). 


(d) Refers to the contents of the § tfocation 
specified by the d-field (direct mode). 


({d)) Refers to the contents of the location 


specified by the contents of the location 


specified by the d-field (indirect mode). 


m+(d) Refers to the address specified by the 
m-field indexed by the contents of the 
location specified by the d-field. 


(m+(d)) Refers to the contents of the location 
specified by the m-field indexed by the 
contents of the location specified by the 
d-field (memory mode). 
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P Refers to the Peregister (program address 
register). 
R Refers to the R-register {relocation 
register). 
(R) Refers to the contents of the R-register. 


(R)+(A) Refers to the central memory address formed 
from the contents of the R and A registers. 


8.5 GENERAL LOU _INSTRUCTIONS 
The symbolic machine instructions are divided according to 
their Function and then further divided according to the 
different addressing modes. 
8.5.21 BRANCH INSTRUCTIONS 
5el.1 LUMs RIM, UJINs ZN» NJINs PINs MIN 


a) This instruction is a long jump to the address formed by 
mt{d). 


LJM - (Format = fFdm Op Code = 000l1dm Size = 32 bit) 


7 ewe be eee ee oe pane eo — eon me ee ae ane ae a oe ee es 
Mabel loperation fargument 

Dy Se ne See a Eon 
| }LJM Imsd 


If d= 0, then m is not modified. 


b) This instruction stores the current program address plus 
two ((P)4+2) In the address formed by m + {(d). The 
instruction then does a return jump to m + (d) + 1. 


RJM - (Format = fdm Op Code = 0002dm Size = 32 bit) 


penne e~ ee ee Soe rere wen wee ee eee ee nn 
llabel loperation Ver guvent 

F oceieetentetedetened $m eww me meen pew eee ewe ee wee eee ewe nen 
| [RJM pe 


If d = 0, then m is not modified. 
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c) This instruction causes an unconditional jump forward or 
backward as specified by d. 


UJN - (Format = fd Op Code = 0003d Size = 16 bit) 


we ee me we ee hw 00 ee we oe ee we soe fe sae ee ew ae > 00 ee ae ee ee oe ee ee ee 200 A tee An me a NRE AD mn en Ee 


label operation largument 
poe en en eee- $onnn eee eee ew ew en ee ee eee 
| {UJN id 


d) If (A) is zero, then this instruction causes a branch 
forward or backward as specified by d. 


ZIJN - (Format = fd Op Code = 0004d Size = 16 bit) 


fo enw eee eee we ee we ee fe ee ee 2 20 an an an ae He ee a ee — a a ae 
| label Jlepeestion pial aegis 

fe we we we se ap a mee ll wi se aa nw sam One a in ce sam nS Mab na Wa ame om aD a a a a Ae aD MOD ate ae we me ae a ee 
/ tin 1d 


e) If (A) is non-zero, then this instruction causes a jump to 
a location either forward or backward as specified by d. 


NJN ~- (Format = fd Dp Code = 0005d Size = 16 bit) 


ww ee ee ee we so Ape me ee ae ee ee a ae ee oe ww eee wo wwe wwe ee ee Se 
label _loperation ier giment 

$a eee n-~- == a ae 
| |}NJN te 


fF) If (A) is positive, then this instruction causes a jump to 
a location either forward or backward as specified by d. 


PJN - (Format = fd Op Code = 0006d Size = 16 bit) 


foe enna re $e wenn ene ne ee re 
[label loperation fat gument 
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9) If (A) is negative, then this instruction causes a jump to 
a location either forward or backward as specified by d. 


MJN - (Format = fd Op Code = 0007d Size = 16 bit) 


ew eww ee FReeletuats. dhomkontenteatenkonteatioastonlienats, denn Ca hianchiane imme DC eeaditereen teentiied 0 A OR OE AD AE ee ee Ae 
I label. _loperation largument 

+ > a) ee am ee en ae > ewe me et +}: ‘A A RD 8S Hm me ee ee ee 
| |MJN id 


* 228 2 @ * 


8.5.2 SHIFT INSTRUCTION 


The SHN instruction shifts the content of the <A register 
either right open-ended or left circularly as specified by the 
d-field. If the most significant bit of the d field is zero,» 
then the content of the A register shifts circularly to the 
left. If the most siaqnificant bit in the d field Is one, the 
content of A shifts open-ended to the right. 


8.5.2.1 SHN 
a) Shift (A) by + (left) or - (right) d bits. 


SHN - (Format = fd Op Code = 0010d Size = 16 bit) 


fom ecm een F cehatetetetatatemeded few ewe new ee we ewe n n= aaa eae 
Ilabet Veneration par gunent 
pwn ea ee ae sae ew ae fe mee ee a ae ew ce wee see eee of ee ee ems ee ee ee ee ee Se ee 
| [ISHN 14 
If there's a d-field of 0 or 77{8), then no shifting takes 
placee 


8.5.3 LOAD AND STORE INSTRUCTIONS 


This sub-group of instructions is responsible for 
transferring 6-bit, 12-bit, 16-bit or 18-bit values either to 
or from the I0U A register or memory. When a LOAD instruction 
is executed any remaining upper bits of the A register are 
cleared, except for the LCN instruction where the remaining 
bits are set to onee When a STORE instruction is executed, 
the contents of the A register are not altered. 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC TOU INSTRUCTIONS 
8.5.31 LON, LCN, LOC - LOAD bits by NO ADDRESS and CONSTANT 


Cwm an we ah ah a ae ea on a ae ap Se ae ee ee ee ee ee ee eo ee ee es ee ee ec ee ee ee ee ee 2 ee ee ee ee 


8.5.36) LONs LCNs LOC = LOAD bits by ND ADDRESS and CONSTANT 


a) Load bits 58-63 of the A register from d-field$; bits 46-57 
of A are cleared. 


LON ~ (Format = fd Qp Code = 0014d Size = 16 bit) 


fon nnn nee ~e fowee ee ne-- $n enn n nn ware ee ee on 
label fopererion Pergument 

ow ew we se ae a eee ae ee tm soe ee ce em ae se nee ee sa a a a a se ee te na ne et ee Sn me se 
| 1UON 1d 


b) Load bits 58-63 of the A register with the bit by bit 
complement of the d-field; bits 46-57 are set to one. 


LCN - (Format = fd Op Code = 0015d Size = 16 bit) 


pte ee oe ee ey <a te A a A OS St Sa se 
label loperation Porqunets 

fan en en nnn a ween wenn m 
| ILCN 1a 


c) Load A register with 18-bit operand from d-field and 
m-field. 


LDC - (Format = fdm Op Code = 0020dm Size = 32 bit) 


fon anne eee fewer omen fe we we we ee ewe wwe ween 
J label loperation Jargqument 

omen -- a res $e ew ee ww eee ew een ee 
| {LDC Idm 


NOTE: There are no corresponding STORE f[nstructions using 
the NO-ADDRESS or CONSTANT modes. 


8.50302 LDDs LDDLs STDs SIDL - LOAO/SIORE bits by DIRECT mode 


a) Load A register with a 12-bit quantity (short form) from 
(d). 


LDD - (Format = fd Op Code = 0030d Size = 16 bit) 


F koncheeiinnshracinendhanthenhenthentond pe we ee oe a a a Se ee 00 0 ee eee ee ee 
abel _loperation argument 
pow aewn wees ew fan eww ese ewe we fw owe A) DD ee ee ee ee ee ee ee ee 
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b) Load A register with 16-bit quantity (long form) from {(d). 


LODL - (Format = fd Op Code = 1030d Size = 16 bit) 


pon wenn $e een eww ene en ewww enn wn ee eee een ne 
Plabel operation J argument 

fon en nnn nnn $e nn fee ee en ee ne ee eee ne een = 
| TLDDL 1d 


c) Store the 12-bit quantity (short form) From A register into 
{d). 


STD - (Format = fd Op Code = 0034d Size = 16 bit) 


fae enn n---- fewer nnn -- pom enn enn ee o------ -- 
[label loperation | argument 

ten<n=- Se a EE 
| {sTo {d 


d) Store the 16-bit quantity (long form) from A register into 


). 


STDL - (Format = fd Op Code = 1034d Size = 16 bit) 


ow ween ene eee -<<--- Fw ee ewe ee ewe Se eeteie tele! ~-<- 
label loperation largument 

paw wn en-= et oe peewee n own nw wn ow en eee eee eee 
| {STOL Id 


8.52303 LOLs LDILs STI. STIL -_ LOAD/STORE bits by INDIRECT mode 


a) Load A register with 12-bit quantity (short form) from 
((d)). 


LOI ~- (Format = fd Op Code = 0040d Size = 16 bit) 


+ ee ee ee nee ee ew we  cecenietontendtindcastaatentietaataedetakeiateed ee ee ee 
[label loperatton J argument 
, ee ee ere pre eee meme em meee ewe wena mas 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC IDU INSTRUCTIONS 
8.5.3.3 LDI,y LDIL, STI, STIL - LOAD/STORE bits by INDIRECT mode 


‘SP AO ANE AND OURS SE UD NED NED AUD GU NAD ON SUED NN SUD ee 0 a A a AN A A A A A NN EN EE ON A A ED EE ED ED TN A A DE AE De A A 


b) Load A register with 16-bit quantity (long form) From 
((d)). 


LDIL - (Format = fd Op Code = 1040d Size = 16 bit) 


ee we ae ae ee ee a , ee ee ea 
label Hope ation {argument 

Fe ee ee ee a ee Das ee 
| Heer a 


c) Store 12-bit quantity (short form) from A register into 
((d)). 


STI - (Format = Fd Op Code = 0044d Size = 16 bit) 


ee pe eee ee ee ee ee ne nee ee we ee a ee sie me ae ne we ee ee ae ee ~ 
label veperat ion lar gunent 

ew ne ae ee noe ee ae te oe coe ne ae ae ee ae cn we mae ee ee me a an OT HN ee ee ma ie ee 
] a id 


d) Store 16-bit quantity (long form) from A register into 
((d)). 


STIL - (Format = fd Op Code = 1044d Size = 16 bit) 


<2 ww wwe Ce ee a} ee we ee ee ee ee ee ee — 
label loperation far gument 

fee wwenne we fe ewe ewe $e we mare eee eee meee we 
| [STIL Id 


8252304 LDMs LOMLs SIMs SIML ~- LOAD/STORE bits by MEMORY mode 


The address for the operand in these instructions is formed 
in the following manner: if the d-field is zero, the m-field 
contains the operand; if the d-field is not zero, the m-field 
is added to the Teast significant 12 bits of (d) in ones 
complement mode. 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC TOU INSTRUCTIONS 
8.52344 LDMs LOML, STM, STML - LOAD/STORE bits by MEMORY mode 


A FR ET ED, A EE SE ND ED DE A ED ED EN DD OR TE Oe a a 


a) Load l2-bit operand (short form) from memory into A 
register. 


LDM - (Format = fdm Op Code = 0050dm Size = 32 bit) 


fom w we ee we ee +- > on ee 0mm me se ee eee ae a ee ae a na a oe ee ae ma see 
label loperation Jargument 

poennee-- “= $-<--- eo fw en oe on ee ee ee 
| }LDM Im,d 


b) Load 16-bit operand (long form) from memory into 
Amreqister. 


LDML ~ (Format = fdm Op Code = 1050dm Size = 32 bit) 


+ > ae ee ae ae ee woe ee ee ee ee + ee ee ee | a a a me ee ae ee 
i label operation argument 

ee eee fw ew ee ewe eee en ewe ween 
| iene Im,d 


c) Store 12-bit quantity (short form) from A register into 
MeEMOFL ye 


STM ~ (Format = fdm Op Code = 0054dm Size = 32 bit) 


jaw ae we a ee See ener re ae me ae a ae sae ae ee ae 
llabel operation Tepguecnt 

ow we ow oe ae eee ce ee ee ee ee ee ee oe em aw ee ee ee ea ee ee ee OD Oe a ee 
1 {ST ieee 


d) Store 16-bit quantity (long form) from A register into 
meMOrT Ye 


STML - (Format = fdm Op Code = 1054dm Size = 32 bit) 


ooo to -ne ene we peewee nn---- wen ee nee - eee 
Tlabel Joperation Jerguacnt 
pe 0 we we ee ee ee wan domo ne me me} oe we ee eee Oe ee ee oe 
| 1STML lesa 


8.524 ARITHMETIC INSTRUCTIONS 


These instructions perform integer arithmetic using the A 
register as one operand and the instruction specifying the 
other operand. The result is then replaced in the A register. 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC IDU INSTRUCTIONS 
8252421 ADN, ADCs SBN - ADD/SSUBTRACT by NO ADDRESS and CONSTANT 


SA A AA ARNE SN A ANE AS A AA OD A TE A MD aie SEN SN A AE A A SE AD: A ED AE NAD UN OR. EE A A le ee 


5.4.1 ADNs ADCs SBN -_ADD/SUBTRACT by NO ADDRESS and CONSTANT 


a) Add a 6-bit quantity from the d-field to the contents of 
the A-register. The result remains in the A register. 


ADN - (Format = fd Op Code = 0016d Size = 16 bit) 


fp ae ee en ee ee ne a ee ee F ciealinatetendhantenteaketardbond ee a ca ee ae 200 ee eee a a ee Om De Oe ee ee ee ee 
[label lopererton lar gunent 

ee ee ee eee we ee nw ae ee ae oe ew cae mee ale ae ae ne ae ne a ae ae ae a na te a ee ae ae ne ae ae a 
1 1ADN id 


b) Add an 18-bit quantity from the d and m fields to the 
contents of the A register. The result remains in the A 
register. The d-field contains the 6 highest order bits 
and the m-field contains the 12 lowest order bits. 


ADC - {Format = Fdm Op Code = OO21dm Size = 32 bit) 


ae ee we we eee we we we > a a am am >: 0 ec ee Oa ae a ea a Oe Oe ee ee i ee ee ee 
label loper ation jargument 

few ee een n ne oem “<== $e ew ee oo oe eo ee ee 
H J ADC tdm 


c) Subtract a 6~bit quantity from the d-field from the 
contents of the A register. The result remains in the A 
register. 


SBN - {(Format.= fd Op Code = 0017d Size = 16 bit) 


fone ww www ee ope eww ee ee ee ee 0 ae 0 one 
[tabel _loperation fargument 

$a enw een e ee $a we enn n ene few ww nnn ne oo ee ee ee eee 
i 1 SBN id 


8.5e4.2 ADDs ADDL s SBDs SBDL_-_ ADDZSUBTRACT bits by DIRECT mode 


a) Add a 12-bit quantity (short form) from (d) to the contents 
of the A register. The result remains in the A register. 


ADD - (Format = fd Op Code = 0031ld Size = 16 bit) 


a = = on op we a oe = sae ae ip ae ee ae ee es ee oe ee em om oe ah tn ie an a a wn ae ie a on a a ee a oe oe — “vb ap a 
label {operation f argument 
we wwe ee we ee ee fp mo ee we oe ae ee ee ee oe vp ee ee 00 em ee a ee ee Oe ee ee ee ee ee ee 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC [0U INSTRUCTIONS 
~8.5.24.2 ADD, ADDL, SBD, SBDL - ADD/SSUBTRACT bits by DIRECT mode 


AE A ND AE A RE AND A EE A ES SE ED EE A A A ND OD ED A ED ED A A ne ee ee 


b) Add a 16-bit quantity (long form) from {d) to the contents 
of the A register. The result remains in the A register. 


ADOL - {Format = fd Op Code = 1031ld Size = 16 bit) 


fom we wene oe few nn enne- $n ee ee ee ee ee eee 
| label loperation largument 

fowen------ fv we ne ne fn enn oo ee ee 
| {ADDL !d 


c) Subtract a l2-bit quantity (short form) found in (d) from 
the contents of the A register. The result remains in the 
A register. 


SAD - (Format = fd Op Code = 0032d Size = 16 bit) 


af ee ae ae oe ee Se ee ee ee ee oe ss ae 
lVabel loperation largument 

$e ee---- wn $e nee e eee fawn a we we en ne we ee 
| 1S80 ie 


d) Subtract a 16-bit quantity (long form) found in {d) from 
the contents of the A register. The result remains in the 
A register. 


SB8DL - (Format = fd Op Code = 1032d Size = 16 bit) 


$0 we ee oe ww fe wwe ee Sr sm en ae ee ee ea an a ae 
label operation argument 

$on---- we nn $a ne nnn fn nn nn ee =e - 
! | SB8DL id 


8.52403 ADIs ADILs SBls SBIL_- ADD/SUBTRACT bits by INDIRECT 

a) Add a 12-bit quantity (short form) from storage to the 
contents of the A register. The address for the operand is 
in (d). The result remains in the A register. 


ADI - (Format = fd Op Code = 004ld Size = 16 bit) 


} mm map: /- a se am sae Se a > oP a > a a ee + 22 ee a ee ee ee ee ee ee ee Oe OP 8 ee ee > i ai 7 > ap a 
Alabel Joperation largument 
+ —~ =: = => «ap om = a2 4) ap 2 = oa a ao ew So (AED TED ED TD a a AER ED A Te ee aS ED ee Den Oe 4 a i oe a 
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8.5. 4 3 ADI» ADIL SBI SBIL - ADO/SUBTRALT “Bits ey INDIRECT 


b) Add a 16-bit quantity (long form) from storage to the 
contents of the A register. The address for the operand is 
in (d). The result remains in the A register. 


ADIL ~- (Format = fd Op Code = 1041d Size = 16 bit) 


pe ee ee ee me pe 0 ee ee ee ae ee ee ee Ge ee ne cee cee ee sa cae ee ee sae ee ee ec ee ee ee 
}label sopeka ton lar gument 

+ ee ee Ee ee ee 
] tists a 


c) Subtract a 12-bit quantity (short form) found in storage 
from the contents of the A register. The address for the 
operand is found in (d). The resujt remains in the A 
register. 


SBI - (Format = Fd Op Code = 0042d Size = 16 bit) 


fan ee ee an ow ee a nen ee ee ee a 
Itabet foperation Jarsinene 

foo ew ene a rn en fe oo no oe ee eee 
I ISBT 1d 


d) Subtract a 16-bit quantity (long form) found in storage 
from the contents of the A register. The address for the 
operand is found in (d). The result remains in the A 
register. 


SBIL - (Format = fd Op Code = 1042d Size = 16 bit) 


we we “a = 4p == op Pa + —- 2b me 1 ae te a ae a foc = a a ana a ma we a a ae oe a — — — 7 a a: 
[label] loperation argument 
+> -_ —- 22 a a ep Feateeteadie 7 > ee ee a we Wee cep ee ee ie em ee 1 ep se ee ee ee ee ee ee ee eee ee a 
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8250424 ADM, ADML, SBM, SBML - ADD/SUBTRACT bits by MEMORY mode 
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8.5244 ADM, ADML,s SBM. SBML_-_ ADD/SUBTRACT hits by MEMORY mode 


a) Add a 12-bit quantity {short form) from storage to the 
contents of the A register. The address for the operand is 
formed by adding 12 bits of the m-field to 12 bits from 
{(d). The result remains in the A register. 


ADM ~- (Format = fdm Op Code = 005l1dm Size = 32 bit) 


$e een nnn — ----~ pew ee een oe on ee ee eee 
llabel loperation ar gunent 

poeewnen-~ ow fe a a a ew ene 
| JADM rac 


If d = 0, the storage address is the m-field. 


b) Add a 16-bit quantity (long form) from storage to the 
contents of the A register. The address for the operand is 
formed by adding 12 bits of the mfield to 12 bits from 
{d). The result remains in the A register. 


ADML - (Format = fdm Op Code = 1051dm Size = 32 bit) 


poe ene eee $e ee ee nn nee fon a nn nnn  e 
I label loperation lar gument 

$oe ene - eee $n we ee fe ee ee ee we ee ee ne we eee nee 
| JADML im,d 


c) Subtract a 12-bit quantity (short form) found in storage 
from the contents of the A register. The address of the 
operand is formed by adding 1l2-bits of the m-field to 
l12-bits from (d). The result remains in the A register. 


SBM ~ (Format = Fdm Op Code = 0052dm Size = 32 bit) 


poe we ee ee ee Sp en we 2n 00 ee 0 a ee ee > A 20 an ne ne Oe ew OD ee OD ED Oe ee ee a ae ae a Dee 
Habel loperation | argument 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC IOQU INSTRUCTIONS 
82542424 ADM, ADML, SBM, SBML ~- ADD/SUBTRACT bits by MEMORY mode 
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d) Subtract a 16-bit quantity (long form) found in storage 
from the contents of the A register. The address of the 
operand is formed by adding l2-bits of the m-field to 
12-bits from (d). The result remains in the A register. 


SBML - (Format = fdm Op Code = 1052dm Size = 32 bit) 


fen ne nee =e $oo--- ee en ~----------- - 
| Tabel Joperation dargumen 
fone -~- wn $a nn ef en oe ee 


8.5.5 LOGICAL INSTRUCTIONS 
These instructions perform operations using the A register 
for one operand and the other operand specified by the 
instruction. The result remains in the A register. 
8250501 LMNs LMC, LPNs LPC. SCN -_ NO _ ADDRESS and CONSTANT modes 
a) Performs the logical difference (EXCLUSIVE OR) function 
between the d-field and the least significant 6 bits 
(58-63) of the A register. The rest of the A register is 
unchanged. 
LMN - (Format = fd Op Code = OO11ld Size = 16 bit) 


é E ee a me ae me an ee oe oe en oe eo ee ew eee ee ee ew a ee a a a am we ae eee ee ee 


J label Joperation largument 
fee en enn ne ee 0 et eet EE 
| ILMN Id 


b) Performs the logical difference (EXCLUSIVE OR) function on 
an 18-bit operand and the A register. The 18-bit operand 
is formed with the d-field being the highest order 6 bits 
and the m-field being the lowest order 12 bits. 


LMC - (Format = fdm Op Code = 0023dm Size = 32 bit) 


Ea ap we) we a wo a ae ee ee a 2 a a a wm wr a ee + mm wee a a a ae EP a ae ae 22 ee ae a ap a ee a ee |e 
| label! loperation largument 
0 ae ae ae ae ee a ee 5 ee eee ee ee ee eae a 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC YOU INSTRUCTIONS 
8.5.5.1 LMN, LMC, LPN, LPC, SCN - NO ADDRESS and CONSTANT modes 
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c) Performs the logical product (LOGICAL AND) function between 
the d-field and the least significant 6 bits (58-53) of the 
A register. The rest of the A register {is cleared. 


LPN - (Format = Fd Op Code = 0012d Size = 16 bit) 


pow www ee a een on eo nae ee J ae ne mw 0 wane ae em se wo so se 0 a th eo DAD Se ae OD ee ee oe 
Ilabel loperation | argument 

fen en nn --- fone nnn n =e $arenn- wee ee en ne ee ee 
| [LPN Id 


d) Performs the logical product (LOGICAL AND) function between 
an 18-bit operand and the A register. The 18-bit operand 
is formed with the d-field being the highest order 6 bits 
and the m-field being is the lowest order 12 bits. 


LPC - (Format = fdm Dp Code = 0022dm Size = 32 bit) 


+ on a a a am see sew aa if see ee ee ee we ee ee oe oe see ee ee: ee ee ee ee 
label loperation largument 
} 1: <a a moe a 7 a ee? >} a ae see se ene 00 Ste a Hilts ee sa ae a ee ee ee 2 0 me me ae 
| {LPC Idm 


e) Performs a selective clear function on the 
least siginificant 6 bits (58-63) of the A register where 
corresponding bits of the d-field are set to one (ie. 
clears bits 58-63 of A if the corresponding bit in the 
d-field is set to one). The rest of the A register is 
unchanged, 


SCN - (Format = fd Op Code = 0013d Size = 16 bit) 


+ 7 22 a ae ee a eee  & > 0 Vn we a a a oD a a + 2 0b we ee ee a oe ae a ee alert a ek 
llabel _loperation largument 
+ = 2 mew 22 a ee ee +} a an ae ie a a oe a } ne ab 1 7 a an a ie 7 4 a a ap a ee ee a oe a ae a ae ee 
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8.5.52 LMDs LMDLs LPDL = Instructions using DIRECT mode 

a) Performs the logical difference (EXCLUSIVE OR) with 12-bit 
quantity (short form) from (d) and the <A register. The 
highest order 6 bits of the A register are unchanged. 


LMD - (Format = fd Op Code = 0033d Size = 16 bit} 


$a mee nnn e ee 5 tesioeieteeadibemetetarbetamemen 
| label loperation largument 

toe enn nn -- $a ewe n nn --- pee we te een we een ee ee ee eee 
1 }LMD Id 


b) Performs the logical difference (EXCLUSIVE OR) with 16-bit 
quantity (long form) from (d) and the A register. ®its 
46-47 of the A register are unchanged. 


LMDL - (Format = fd Op Code = 1033d Size = 16 bit) 


feweeen--- ~ fe on ne ---- -$o-------- ee ee we ee eee eee 
label loperation largument 

$oneenn ne ee ee ewww mew en = oo one ee eee ee eee 
] {LMDL td 


c) Performs the logical product (LOGICAL AND) function with 
16-bit quantity (long form) from (d) and the A register. 
Bits 46-47 of the A register are cleared by this operation. 


LPDL ~- (Format = fd Op Code = 1022d Size = 16 bit) 


pe we ee ee ne hp ae we me om ae Mae nae sone sue eae eae ee 100 A DD A a ee ee ee —_ a 
Habel loperation yar oument 
$oennen---- Ha en we nn $a nn no on ono on oe ee ee 
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8.5.5.3 LMI. LMIL,s LPIL ~ Instructions using INDIRECT mode 


a) Performs the logical difference (EXCLUSIVE OR) Function on 
12-bit quantity (short form) from storage and the A 
register. The address for the operand is in (d). The rest 
of the A register is unchanged. 


LMI ~ {Format = Fd Op Code = 0043d Size = 16 bit) 


F heieeiedeieke teeta, tek tee tte oe we ee ee ee eee oe oe sae me ee se se a ee ae ne 
Hlabel _loperation | argument 

pac en eee -- $a enw wenn fe ww wn we ee eee ee ee eee ee 
J {LMI id 


b) Performs the logical difference (EXCLUSIVE OR) function on 
16-bit quantity (long form) from storage and the A 
register. The address of the operand is in (d). Bits 
46-47 of the A register are unchanged. 


LMIL - (Format = fd Op Code = 1043d Size = 16 bit) 


ponenn----- peewee een -- 0 aoe o---- 
llabe!l loperation far gument 

tonne en He | eee te 
| {LMIL ]d 


c) Performs the logical product (LOGICAL AND) function on a 
16-bit quantity (lonq form) from storage and the A 
register. The address of the operand is in (d). Bits 
46-47 of the A register are cleared by this operation. 


LPIL - (Format = fd Dp Code = 1023d Size = 16 bit) 


+: Wn we ap ab ae ae 2 ee a pm oe ae =p an ae a — ee ee ee ee wee ee oe ee ee ee ee: > = an ae a> m -— 1 
[label operation lar gument 
+ a mn a a a om a ES > ab ea me en a ee ee + a ee 2b ae a a ae ee ee ee a ee ee 
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8.9.5.4 LMM, LMML. LPML - Instructions using MEMORY mode 


a) Performs the logical difference (EXCLUSIVE OR) function on 
a 12-bit quantity (short Form) from storage and the A 
register. The address for the operand is formed by adding 
the m-field to 12 bits of (d). The rest of the A register 
remains unchanged. 


LMM ~ (Format = fdm Op Code = 0053dm Size = 32 bit) 


few meee ee ee ee rr we eee ee ee eee -- 
label ieperation largument 
freee ene ene fewer -n---- few ene enn no on nee eo eee 


If d = 0, then the m-field is the address for the operand. 


b) Performs the logical difference (EXCLUSIVE OR) function on 
a 16-bit quantity (long form) from storage and the A 
register. The address for the operand is formed by adding 
the m-field to 12 bits of (qd). Bits 46-47 of the A 
register remain unchanged. 


LMML - (Format = fdm Op Code = 1053dm Size = 32 bit) 


ew ww we ee ee pow we eee eee ww eewnes wesc eww ae ok ee 
label loperation Farsuecot 

pe we oe we we oe oe am Mp me an ae ee a ee ae ee an ee Ip a ee ae 2 a om oe ee ee Oe ee On ee Oe ee oe a ee ee ee 
{ {LMML las 


If d = 0, then the m-field is the address for the operand. 
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c) Performs the logical product {LOGICAL AND) function on a 
16-bit quantity {long form) from storage and the A 
register. The address for the operand is Formed by adding 
the m-field to 12 bits of the (d). Bits 46-47 of the A 
register are cleared by this operation. 


LPML ~- (Format = fdm Op Code = 1024dm Size = 32 bit) 


ee penne nn ee oe wee ewe nnn nee 
llabe}l loperation | argument 

pew en nnn -- $a ene nena ee fee wee ween a wn on eee ee 
| JLPML Im,d 


If d = 0» then the m-field is the address for the operand. 


5] e3.2a09 8 2 


8.5.26 REPLACE INSTRUCTIONS 


The replace instructions are similar to the arithmetic 
instructions in that they both use the A register as one 
operand and the instruction specifies the other. The 
difference is that both the A register and the contents of the 
location of the other operand are replaced with the result. 


If the instruction Is the short (fe. 12-bit operand) then 
the value returned to storage is the 12 lowest ordered bits of 
the <A register with 4 higher ordered zero bits added. If the 
instruction is the long form (ie. 16-bit operand) then the 16 
lowest ordered bits of the A register are returned to storaqe. 
Therefore, the A register and the value replaced in storage 
are not necessarily equal. 


All arithmetic is done in 18-bit ones complement mode. 
§.5.6.e1 RADs RADL_-_REPLACE ADD using DIRECT mode 


a) Add a 12-bit quantity {short form) from (d) to the A 
register. 


RAD - (Format = fd Op Code = 0035d Size = 16 bit) 


+ ee ee ee ee) apne 0m en ae en ee ee oe dp aw ee eo we ee ee at 
label loperation Jargument 
+ ee ee ee ee ed > me me an pee em ee em ee eee +> ee ee a a a a a a eS eA a a ee ae ee 
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b}) Add a 16-bit quantity (long form) from (d) to the A 
register. 


RADL - (Format = fd Qo Code = 1035d Size = 16 bit) 


foe wwe we wo eee dp ee we me ee ee ae ee ‘hp am sae am som ae a a ee a ee ee ee — i. a a 
Ilabel loperation largunent 

fom en ene n-= Fm ee en pn en ee en en ee ne nen wen ene 
| PRADL 14 


Be5.6.2 ADDs ADDL» SOD. SODL = REPLACE ADDZSUBTRACT ONE using DIRECT 


a) Enter 1 into the A register then add the 12-bit quantity 
{short form) from (d) to the A register. 


ADD - (Format = Fd Op Code = 0036d Size = 16 bit) 


pew wwe ere me pe ae ee ee ee eee ae see nae ae ae oe am ee a ee ae ae 0 me ae we ae ae ae ae a oe 
| label foperation Jargument 

eo poneene ee ae 
| }aoo Id 


b) Enter 1 into the A register then add the 16-bit quantity 
(long form) from (d) to the A register. 


ADDL - (Format = fd Op Code = 1036d Size = 16 bit) 


pm ee ee ee ee ee we eee ee a one en a am om ee se 
llabel Joperation | argument 

pene e nee ee $e ee ne ee eee pew eee wee owe wo ee ee ee ee 
] JADDL Id 


c) Enter negative 1 into the A register the add the 12 bit 
quantity 
(short form) from (d) to the A register. 


SOD - (Format = fd Op Code = 0037d Size = 16 bit) 


pm we ee ee ee pe ae ee ee ee ee ee ee ne pe ae ne ae ee ee ee ae me ee Ss Se _ 
label “loperation lar gument 
me ee ee ee ee ae ee 0 ee ee ee ee > 0 ee ee me ae em ee ae wD om ee ee A eS Pe oe ee ee ee 
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d) Decrease the content of (d) by 1 then use 16-bit quantity 
(long form) from (d) to add to the A register. 


SODL - (Format = fd Op Code = 1037d Size = 16 bit) 


ip te ee ne ee ee ee ee me ee me see ae 00 0 oe ee ee ee we Spe ee ee ee ce ee ae 0 ae ee ee ee ee ee a 
Habel loperation pipet 

$a wee ew wenn a 
| }SODL ia 


8.56.3 RAIs RAIL = _ REPLACE ADD using INDIRECT mode 


a) Add a 12-bit quantity (short form) from storage to the A 
register. The address for the operand is found in (d). 


RAI - (Format = fd Op Code = 0045d Size = 16 bit) 


pow ee cw we ww poweewwewen wees ewes swe eee ae a a me me ne me 
I label poner atten lar gument 

$e wen ee ene fe ee ee eee fonenn---- wen ene ee eee 
| aa Id 


b) Add a 16-bit quantity (long form) from storage to the A 
register. This result remains in A and the 16 = lowest 
ordered bits are returned to storage Therefore, the A 
register and the value returned to storage are not 
necessarily equal. The address for the operand is found in 
(d). 


RAIL - (Format = fd Op Code = 1045d Stze = 16 bit) 


oo pew ene eee ee fee nn ene ne  eenadetneteketeeseedenteatereeteen 
Itabel Opera 2) Jargument 

ee eee fw we we we wwe eee eee eee ene 
| en Id 


8.5e6e4 ADIs ADIL. SOL. SOUL - REPLACE ADD/SUBTRACT using INDIRECT 


a) Enter 1 into the A register then add the 12-bit quantity 
(short form) 
of the operand in storage. The address for the operand is 
found in (d). 


ADI - (Format = fd Op Code = 0046d Size = 16 bit) 
S eeketietadeteetetated 5 ee $n ene Ee 


I label laparation lar gument 
he aw ee ee ee ee pow wwe ewe ae pw ee ew 0 we ee ee ee ee ee ed ee 
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FO Ee A 2m A A ED AD A i ee ee 2 ae A ee ee 2 ee ee ee ee a ee 8 


b) Enter 1 into the A register then add the 16~bit quantity 
{long form) 


of the operand in storage. The address for the operand is 
Found in (d). 


ADIL - (Format = fd Op Code = 1046d Size = 16 bit) 


pe ee ae ee we pw we www wwe pw ee ee ae a ee ae a ae ee a se ate ee ae we ae ane a we a am 
IVabel loperation |argument 

$oeene- a re fee wn eee nnn oo oe nee ee oe ee 
| JAQIL Re 


c) Enter negative 1 into the A register then add the 12-bit 
quantity 


(short Form) of the operand in storage. The address for 
the operand is found in (d). 


SOI - (Format = fd Op Code = 0047d Size = 16 bit) 


i i-aaone eee pe eo a ee a ae ae ae fp ee ee ee ae ae wee sae as ae ae en a en se sae se ste se 
HVabel loperation |argument 

fon ee n-ne $e cone nn --- $ae er ne--- we en nn oe ee ee 
! sor Id 


d) Enter negative 1 into the A register then add the 16-bit 
quantity 


of the operand in storage. The address for the operand is 
found in {(d). 


SGIL ~ (Format = fd Op Code = 1047d Size = 16 bit) 


} > 2 Ee er a a ED ae + a a> a ae ap a a a a ae fe ee a a ae a a a ao = Bb 7 2 <> «ap ap oh a ee ae _ 
label a JOperetion | argument 
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8.5.6.5 RAM, RAML_- REPLACE ADD using MEMORY mode 

a) Add a 12-bit quantity (short form) from storage to the A 
register. The address for the operand is found by adding 
the m-field to the content of (d). 


RAM - {Format = fdm Op Code = 0055dm Size = 32 bit) 


fp oe ae ow ne ne ee a te oe , ee eee ee ee ee ee am ee Se Le He se ee a 
i tabel Joperation |argument 

fp ae ae me ee me ee cee om eae lp ae oe ae see ee an ee ee ee ae fe me ee see oe ee ee ee ee ee ae me ee ee ee 
1 {RAM Imsd 


If d = 0, then the operand address is the m-field. 


b) Add a 16-bit quantity (long form) from storage to the A 
register. The address for the operand Is found by adding 
the m-field to the content of (d). 


RAML ~ (Format = Fdm Op Code = 1055dm Size = 32 bit) 


fe ee ee ee fe we ee eee owen ee ne em oe mee sw ee 0 on ee ee 
label operation lar gument 

toe oe meee ae pre wne ee we = en een an oe ee ee ewe ee wenn 
| {RAML Im,d 


If d = 0, then the operand address is the m-field. 
8.52626 ADMs ADMLs SOM, SOML = REPLACE ADD/SUBTRACT ONE using MEMDRY mode 
a) Enter 1 into the A register the add the 12-bit quantity 
(short form) 
of the operand from storage. The address for the operand 


is Found by adding the m-field to the content of {d). 


AOQM ~ (Format = fdm Op Code = 0056dm Size = 32 bit) 


penanwen= oe Se 
llabel loperation largument 

re $2 wee ew eee S oeteateeie eer oatetetetedenteatetetatetetateteteteatate 
{ JAD im,d 


If d = 0, then the operand address is the m-field. 
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a ne ine ee ee ee ee ee ee ee eS Le A A ee 


b) Enter 1 into the A register then add the 16-bit quantity 
{long form) 
of the operand from storage. The address for the operand 
is found by adding the m-field to the contents of (d). 


AOML - {Format = fdm Op Code = 1056dm Size = 32 bit) 


fen wnn nee m $a wee ewe ee 
| label {operation | argument 

fawn eee ee funn n- ~~~ fe ee en ee wee 
| | AOML Imad 


If d = 0», then the operand address is the m-Field. 


c) Enter negative 1 into the A register then add the 12-bit 
quantity 
(short form) of the operand form storage. The address for 
the operand is found by adding the m-field to the content 
of (d). 


SOM ~- (Format = fdm Op Code = 0057dm Size = 32 bit) 


few wn eee we $n on a np oo no ee ee ee 
label loperation | argument | 

pow eoe----- fae een wenn fw ew en owe ow ow ee ee eee 
| {sam Imsd 


If d = 0, then the operand address is the m-field. 


d) Enter negative 1 into the A register then add the 16-bit 
quantity | 
{long form) of the operand form storage. The address for 
the operand is found by adding the m-field to the content 
of (d). 


SOML ~ (Format = Fdm Op Code = 1057dm Size = 32 bit) 


i a ae ee ae ne ae ee we ee po www ew wow sae A ae ee ae ee 0 Oe ee ee ae Oe ee ee ee ee ee eee ee ee 
Ilabet doper scien Far aunene 

poem mwas dw owawwasews boas eee wee wee ee ee ee 
| cu as 


If d = 0, then the operand address is the m-field. 
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8.5.7 CENTRAL MEMORY ACCESS INSTRUCTIONS 


The central memeory access instructions provide a means for 
reading and writing central memory to and from I0U memory. 
The I0U has read access to all of central memory but write and 
exchange accesses are monitored by the OS Bounds Register. 
Central memory addressing uses real addresses rather than 
virtual addresses and these are formed from the contents of 
the A-register and the R-register. 


The two types of addressing for these instructions are 
absolute and relocation. The type of addressing desired is 
determined by bit 46 of the A register. In all the central 
memory acess Instructions (R) + (A) will mean the following: 


If bit 46 of the A register Is zero, the absolute central 
memory address is specified by bits 47-63 of the A register. 


If bit 46 of the A register is one, meaning relocation is 
desired, 6 zeros are concatenated to the rightmost end of 
the contents of the R register and this is added to bits 
47-63 of (A) forming an absolute central memory address. | 


The OS Bounds Register divides central memory into two 
regions for duat-state. For write and exchange accesses, a 
bit in the 05 Bounds Register for each PP indicates which 
region the PP has access to? 


A set bit indicates the lower region: 
PP CM address < OS boundary. 


A cleared bit indicates the upper region? 
DS boundary < PP CM address. 


Address verification for CM accesses occurs on the 
following I0U instructions: 


0026 EXCHANGE JUMP 
0062 CENTRAL WRITE 
1062 CENTRAL WRITE 
0063 CENTRAL WRITE 
1063 CENTRAL WRITE 
1000 CENTRAL READ AND SET LOCK 


1001 CENTRAL READ AND CLEAR LOCK 
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ee cheettiiaditendaadkaediverdioeiead dedi adie dienivadt diode dd tt et 


8.5.7.1 LRDs SRD. - LOAD/STORE-R Register in INU Memory 

a) Loads 22-bit (R) register from (d) and (d)}41. B8its 46-57 
of R are loaded from bits 52-63 of (d)+4+1 and bits 52-63 of 
R are loaded from bits 54-63 of (d). 


LRD - (Format = fd Op Code = 0024d Size = 16 bit) 


| teeiedeeieaeted ecuets deaieiadtentadeaieateneaton peewee nnn — oe eee ee ee eee 
[label loperation: barauncnt 

pe ae ee ee ee on eee fre am ne a san aw ae oe ee pawn ee ae oO me ae en a a ae a a a ae a a 
| ILRD Id 


If d = 0, then the instruction is a pass. 


b) Stores the content of the 22-bit R register into (d) and 
(d)+1, Bits 46-57 of the R register are stored in (d)+#1 
and bits 36-45 of BR are stored in (d). The remaining bits 
in (d) and (d)+tl are cleared. 


SRO - (Format = fd Op Code = 0025d Size = 16 bit) 


fm wn enn fn ee nn oe nn ee = = wane ne - === - 
llabel foperation { argument 

$enwn----- a fame wn ce nn a we nn ene ne nnn ee 
| {SRO Id 


If d = 0, then the instruction is a pass. 
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8250722 CRDe_CRDLs_CWDs CHDL = RD/HR CPU Memorya_DIRECI_mode 
When reading or writing a CM memory word to or from 10uU 
memory, two different packing/unpacking schemes are used 


depending on if the instruction specifies the long (64 bit) or 
short (60 bit) form. 


PACKING/UNPACKING for short instructions (60 bit value) 


Central Memory Word 


1 Z 4 5 6 

0 Fas 6 8 0 2 2 
F shontendhandonstte stent ee re ee ee ae sp ae se cw ca ee ee ee abo w we we em Pw owe eee >» 
1(4) 1 a(i2) | b(12) |} c¢f{12) | d(t2) | e(12) | 
pe ae we ee ee a. a a a a a + a. <n a an a Sith sthontietenatiasieantenatentaetaed me ee oe ee 00 ee we we + ed + 


PP MEMORY WDRDS 


4 5 6 

8 2 3 
o_o _ ae + 

d {| 014) a(12) | 
Se oo + 

d+1 | 0¢4) b(12) / 


d+3 | 0(4) 


d+4 | 04) 


mx 
i ad 
he 
ro 
tling, 
Bo 
ad 
or eee eee ee. 
a) 
“~~, 
po 
N 
Ld 
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NE a ae ee ne Nee le ee oe ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 0 ee ee ee ee ee ee 


PACKING/UNPACKING for long instructions (64 bit value) 


Central Memory Word 


1 2 4 6 

0 5 2 8 3 
fue cw an ene oen = $ oe eww ew eww we se pe ae an aw ae aw ae an am ee ae fm ce ee ee ee em a a ae ee ae + 
| a(16) | b{16) 1 c(16) / d(16) 1 
few ewe ee === OOO ooo $e ewe eee ee eee few ee eee ee eee + 


4 6 
B 3 

> a am 1 a: ie ae 2p a me ee ome ee en ee ee ne + 

d { a(16) ! 
Ah a a a ae ws a a eo ie + 

d+] } b(16) | 
$a en eee eee + 

d+2 | c(16) i 
ea ene ee + 

d+#3 J d{i6) i 
$ooon-- wee eee eee eee ee + 


a) Reads one central memory word (60 bit word), 4763, to 
bits 52°63 of five consecutive [NU memory words. The 
address for the CM word is specified by (R) # (A). The 
address for the First IDU memory word is specified by d. 


CRD - (Format = fd Op Code = 0060d Size = 16 bit) 


fee enone ene $a ewww ween Sl oe 
[label foperation baraunenk 
tenn nne- <= $e ene n----- $a wen nn wen oo a ee eee ee 
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AD AD ND AER A TD ND AE AN EER ER RE ED ED ED ED ES ED ED ED EE A A DE EE A EE DOD A Ee i ee a 


b) Reads one central memory word (64 bit word) to four 
consecutive fiou memory words. The address for the CM word 
is specified by (2) + (A). The address for the first [0U 
memory word {fs specified by d. 


CRDL - (Format = fd Op Code = 1060d Size = 16 bit) 


he ee ee we ee ee pen ee ae ee 00 a ee ae om ee ee a se ee ee oe a ae ae ee a a ee a ae a ae a a 
Iabet opera? pat gument 

pe me se a ee ae ee ee Oe ee eee 
| IcRDL 14 


c) Transfers the 12 lowest ordered bits from five consecutive 
I0U memory words to bits 4°63 of a central memory word (60 
bit word). Bits 0-3 are cleared. The address for the CM 
word is specified by (R) + (A) and is verified against the 
05 Bounds Register. The address for the first [00 memory 
word is specified by d. 


CWD - (Format = fd Op Code = 0062d Size = 16 bit) 


Fe ee ee ee a oo me ne aon aa te ae so ee ae a ome ane 
lYabel_ loperation largument 

fon een--- ee ee foweennen- mee eee een eee 
| [CHD id 


d) Transfers the 12 lowest ordered bits from four consecutive 
I0U memory words to one central memory word (64 bit word). 
The address for the CM word is specified by (R) + (A) and 
is verified against the 0S Bounds Register. The address 
for the First IDU memory word is specified by d» 


CWDL - (Format = fd Op Code = 1062d Size = 16 bit) 


owen ee  eeerbetecteteteateentoctentateed ee = 
[label loperation largument 

perenne ---- $n eee ewe nen $a wen een ww eee ee ene ne 
| J CWOL Id 


8.5.7.3 CRM2 CRML» CMs CHWML - READ/WRITE CM Blocks 


After the following instructions are completed A will 
contain the non-relocated portion of the CM address plus one 
of the last memory word transferred. Note that if the value 
of bits 47-63 of A exceeds (2**17)-1, then bit 46 will be 
toqgled and the addressing mode will change’ from direct 
addressing to relocation addressing mode. Note also that if 
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the last CM word transferred has a relative address of 
377776(8) and relocation is in affect, the A register will be 
cleared and the value in A may not point to the last word 
transferred plus one. 


a) Transfers bit 4-63 of consecutive central memory words 
(ie. 60 bit words) to consecutive TOU memory words. The 
address of the First CM word is specified by €R) + (A)s the 
address of the First I0U memory word is specified by m and 
the number of CM words transferred is specified by (d). 


CRM - (Format = fdm Op Code = 0061idm Size = 32 bit) 


fe oe ee ee pe an ee oe a ee a ae ee oe Ae se ee ae ee iis sic iv Sms ts 
llabel HORSE ote? Jargument 

pen wnnnne oe few wen en on oe ee wee 
| ice Imod 


b) Transfers consecutive central memory words (64 bit words) 
to consecutive I0U memory words. The address of the first 
CM word {is specified by (R) + (A), the address of the first 
I0U memory word Is specified by m and the number of CM 
words transferred is given by (d). 


CRML - (Format = fdm Op Code = 1061dm Size = 32 bit) 


sf 0 a 00 ae ae oe ee ee f3—- ewww ewww = oe ae ee ae aw ee ae ee ee ee ee ee 
I1abel operation lar gunent 

$ooenwo---- $n een nn oe fan nn en oe oe ee ee 
] {CRML faa 


c) Transfers bits 52-63 of consecutive IDU memory words to 
bits 4-63 of consecutive central memory words (60 bit 
words). Bits 0-3 are cleared. The address for the first 
Inu memory word is specified by m, the address for the 
first CM word is specified by (R) * (A) and is verified 
against the OS Bounds Register. The number of CM words 
transferred is given by {d). 


CWM - (Format = fdm Op Code = 0063dm Size = 32 bit) 


} > 7 ae <= ap ae em a hme ce nw ee ee we oe we ee = => oe ae as 42 oe ee = = “SP a; uP 6 ee ae a oe a oe ee 
abel loperation lar gument 
+ “= = CP ae a aD ean am dp =—_ <> ap wb Oe 2D 4 ae oe ae + we ae ap a a ee a a a ap a =) 6 a a ae — 2 <b oe ae a ae 
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d) Transfers consecutive T0U words to consecutive central 
memory words (64 bit words). The address for the first [0U 
word is specified by ms» the address for the first CM word 
is specified by (R) + (A) and is verified against the. OS 
Rounds Register. The number of CM words transferred is 
specified by (d). 


CWML - (Format = fdm Op Code = 1063dm Size = 32 bit) 


. a : ne a we mae ae ae Sate a 0 ae ne ae se se — 
llabel Joperation lar gument 

poe ween - ee ee ew wee nw en ewe ween ee ene eee 
| ICWML {m,d 


8.50704 RDSLs RDCL = READ CM and SET or CLEAR LOCK 


A serialization function is performed at the beginning and 
the end of these instructions. Execution is delayed until all 
accesses to central memory by the [Du are completeds no other 
accesses are permitted from the beginning of the read until 
the end of the write and no execution from other instructions 
are allowed until all accesses to and from CM from this 
instruction are completed. 


a) The LOGICAL OR function is performed between four 
consecutive INU memory words and one central memory. word 
{64 bit word). The result is replaced in the CM word while 
the original contents of the CM word are replaced in the. 
four I0U words. The address of the first I0U word is 
specified by d, the address for the CM word is specified by 
(R) + (A) and is verified against the 0S Bounds Register. 


RDSL - (Format = fd Op Code = 1000d Size = 16 bit) 


eS am 7“ a —_ a. wae ems cae sae aie > 2D a a a a oe mm an fe —— 1 -— = oO 2 ee eo eee 1S AD a a Oe ED ee ee 
HVabel loperation fargument 
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Ae Aa AN ANE A OE A ND A A ED a A OD ED A ED OS A Se ee ee ee ee ee a es ee 


b) The LOGICAL AND function is performed between four. 
consecutive I0U memory words and one central memory word 
(64 bit word). The result is replaced in the CM word while 
the original contents of the CM word are replaced in the 

four I0U- words. The address for the first I0U word is 
specified by d» the address for the CM word is specified by 
(R) + (A) and is verified against the 0S Bounds Register. 


RDCL - (Format = fd Op Code = 1001d Size = 16 bit) 


$a www ww we ee en See ano eee en ee ma ee aD oe ee a ae rs 
[Vabe} loperation | argument 
foe ee anew ne $e een nnn ~ we eee ee we ee ee ee eee 
| }ROCL Id 


825.28 INPUT/OUTPUT INSTRUCTIONS 


There are 26 instructions to control activity on I/0 
channels. These instructions select an external device, 
determine if the device is available and ready to transfer. 
data and then transfers data to or from the device. 


Each PP has a set of external function codes that 
establishes the mode of operation and also starts and stops 
data transfer. The devices are also capable of detecting 
certain errors and they report these to the controlling PP. 


8.5.8.1 AJM, SCF. FS.IM,. TMs FCM, F.IMs FE JM,s SEM, CEM, CCE 


The Following instructions are conditional branch 
instructions, each of which tests for a condition on channel 
Ce When the condition is true the branch to address m occurs 
and when the condition ts false execution continues with the 
following instruction. The c expression is required. 


a) Branch to the location specified by m if channel c is 
active. 


AJM - {Format = fscm Dp Code = 00640cm Size = 32 bit) 


mw ew ow ow wee pee ee ap ee ee ee oe Spe we we ee ee ee eee a a ve 
label loperation largument 
+> 
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OD 3 2 A Se ee a ee ee ee ce ee ee ee a ee ee ee ee ee ee ee ee ee Pn ee ee ee ee ee ee ee ee a 


b) Branch to location specified by m if the channel c flag is 
set, otherwise set channel flaq and exit. One may 
unconditionally set the channel flag by setting m to P+#2. 


SCF ~ (Format = fscm Op Code = 00641cm Size = 32 bit) 


, are he ee ee ee ee ra Me se sa se se ce tS a se an a - 
ITabel loperation Vaid niet: 

dp ae ee oe ee ee ee ee ee 
1 1SCF lave 


c) Branch to the location pect ted by m if the flag for 
channel c is set. 


FSJM - (Format = fFscem Op Code = 1064Xcm Size = 32 bit) 


= ae ewe oe pen w ee wen ee fe ee ee eee ee ee eee - 
| label operation lar gument 

fonnn nen n ee $eeennnn--- foe nnn --<- oe 
] {FSIM Imec 


d) Branch to the location specified by m if channel c Is 
inactive. 


TUM - rennet = fscm Op Code = 00650cm Size = 32 bit) 


jp ee wee ee ew ee we we ee ee wm we won ewe wee Se ae Ae am ma a ee sae ay eS ee 
Habel loperation fargument 

fp a0 ae so we awn wo ae fee ee a oe cee a oe coe eae 0 ete a ee me a 
| j IJM Imec 


e) Branch to the location specified by m if the flag for 
channel c is clear. 


FCJM - (Format = fscm Op Code = 1065Xcm Size = 32 bit) 


$onweennee ~ foe ee ~~ ---- $eennnnnw--- wane wee ene eee 
Habel loperation Jargument 
fon enne wenn tone ee == fee ewe en ow ee ee nn eee 
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a Ce na ee me ee ee ee ae a ee me ae ee ae ee ee ee ee ee ee ee 2 2 ee ee ee es ae ee ee 


f) Branch to the location specified by m if channel c is 
full. 


FJM - (Format = fsem Op Code = 00660cm Size = 32 bit) 


$a nee ene =- tonne e- er See wen wen one ee ee 
abet _loperation | argument 

$onee enn ee po wen awn ne- fen nee en nnn oe ne oe eee eee 
{ }FUM Imsc 


q) Branch to the location specified by m if channe! c is 
empty. 


EJM ~- (Format = fFsem Op Code = 00670cm Size = 32 bit) 


, a eee a ee ed ma 0 se sa 
J label loperation |argument 

peewee ee ee few wen on oe ee ee eee 
J JEJM [msc 


h) Branch to the location specified by m if the channel c 
error flag is set, and then clear error flaq. 


SFM - (Format = fscm Op Code = 0066icm Size = 32 bit) 


peewee een H- fren none ne- $m ene wenn ewe wee eee een e nn 
Tabet operation Labi apaine 

, ee eee ee oe ee re er 
I [SEM Vase 


i) Branch to the location specified by m if the channel c 
error flag is clears and then clear error flag. 


CFM ~- (Format = fFscm Op Code = 00671cm Size = 32 bit) 


af 00 we 0 ee se me ee ee ee > ee ee ee om ee ae me see sme he ae ne ee ee ee ae ee aD ae eae De OD ee ee 
llabel loperation J argument 
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ARS UP AE A A ee em NO ee ee ee ee ee ee ee ee oe ee a ee es ee ee ee ee ee ee ee ee ee ne ee 


j) Clear the flag on the channel specified by c. The m-field 
is required but not used. 


CCF - (Format = fscem Op Code = 0065lcm Size = 32 bit) 


, mm ee aw nee ee am ee me ne ta oe se see se em a a ee ee a am sa te we a an a ae ee me 
Itabel loperation {argument 

foe enw ewe we fae mew enon $e a ew enn 
] }ccF Im,c 


8e5+8.2 LANs DAN _-_A_ Register I/O0_Instructions 

a) Transfers a word from channel c to bits 48-63 of register 
A. Bits 46-47 are cleared. The instruction waits for the 
channel to become active and full before executing. 


IAN - {Format = fse Op Code = 00700c Size = 16 bit) 


, ee ee ee ee ee eee 0 ae ao > se san sees som a sm nent 
I label loper ation largument 

poe we anne ne town ween eee $e wee wn wa eee en ene 
] PIAN [c 


b) Transfers a word from channel c to bits 48-63 of register 
Ae Bits 46-47 are cleared. If the channel is inactive or 
becomes inactive before becoming full, no transfer takes 
place and the Instruction exits with (A) = 0. 


TAN ~ (Format = fFsce Op Code = 00701lc Size = 16 bit) 


ee ee ee a ee ee ers a ae ae ae ae me ee sae eo on 
I label loperation dergunent 

fe we ew ww ww fa ee wn fae en oe oe eo eee ee eee nee 
| }TAN ae 


Note, on these two instructions if a tl2~bit external. 
interface is used, bits 48-63 of A are zero. If an &8-bit 
interface Is used, bits 46-55 of A will be zero. 
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c) Transfers bits 48-63 of (A) to channel c. The instruction 
waits for the channel to become active and empty before 
executing. The content of A is unchanged. 


DAN ~- (Format = fse Op Code = 00720c Size = 16 bit) 


$acen== ee EE wae nw ee - 
[abel loperation jargument 

fp 00 ee se ee se oe ao ee se em Se on a ee OR se ee See ee se ae of ae ee 00 ae ee ee ee RD AD NG ED A SAO DO AR De a 
} ]OAN Jc 


d) Transfers bits 48-63 of (A) to channel c. If the channe! 
is inactive, than no transfer takes place and the 
instruction exits. The content of A is unchanged. 


DAN - (Format = fse Op Code = 00721c Size = 16 bit) 


few we ee ee ee fe eee een ene a ee ae ee te ee sn ae a 0 eae ome ae ee ae mee se 
| label loperation der genens 

Se ee ee ee ee ee ee 0 ee we ee he ee ee ee ee ee ee ee se ee 
| [DAN i othite 


Note, on these two instructions if a 12-bit external 
Interface is used on the channel, bits 48°51 of the channe!} 
word are not transmitted and are lost. If an 8-bit 
interface its used, then bits 48-55 of the channel] word are 
not transmitted and are lost. 


8.5.8.3 TAM, IAPM., DAM, DAPM -_ BLOCK I/0 Instructions 


a) Transfers successive words from channel c to consecutive 
INU memory words. The address of the first IDU memory word 
is specified by m and the number of words transferred is 
specified by (A). Termination can occur one of two ways: 


~ (A) = 0 or 

~ channel becomes inactive; if this is the cause for 
termination, the next I0U word is cleared and (A) will 
contain the difference of the initial value and the 
number of words transferred. 


If the channel is initially inactive when the instruction 
is executed, no transfer takes place, (A) remains unchanged 
and the IDU word specified by m is set to zero. 

1AM ~- (Format = fscm Dp Code = 00710cm Size = 32 bit) 


tow = —> a an ap an we vee p> wo aw ee me aman ~~: + mena a oe a a a a a a ah a ae ap Ge an ee On ae ae ae 
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label Joperation largument 
foe n ene nee fee en eee fen ew ne we oe en oe ne eee ee 
| {IA™ [msc 


Note, with a 12-bit external interfaces bits 48-51 of I0U 
memory will be zero; With an 8-bit interface, bits 48-55 of 
INU memory will be zero. 
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2) a ee SR 48 ne a Oe ee ee ee es ee ee ee ee ee ee ee ee en ee ee ee ee a 


b) Transfers bits 52-63 of successive words from channel c to 
consecutive [OU memory words. During this transfer, 4 
channel words (48 bits) are packed into 3 I0U memory words. 
(See below.) Bits 48-51 of the channel word is ignored. 
The address of the first I0QU memory word is specified by m 
and the number of channel. words is specified by {(A). 
Termination can occur one of two ways: 


~ (A) = O03 if the number of channel words transferred is 
not a multiple of 4, then the last [0U word will be zero 
Filled; 

-~ channel becomes inactive; I0U words will be zero 
filled to the next four channel word boundary. 


If the channel is initially inactive when the instruction 
is executed, no transfer takes place, {A) remains unchanged 
and the [OU memory words m, mt1, m+2 are set to 0, 


Channel Words 


4 5 6 
8 2 3 
pe ae oe ee we pw wmwe eee ene wee + 
| (4) | a(i2) | 
ee ee a en + 


| wed \ bt4) { c(8) J 


i (4) ' d(a) fe(4)f 
fone ewe s nieteatentanteeateatend torent 
{1 (4) | f(12) | 
oe pe wee ween eee eee + 
IDU Memory Words 
4 5 5 6 4 
8 2 6 0 3 
foe wwe mw een ne ee ee + 
| a(12) 1 bt4) | 
fae eee ewe pow eta ponent 
| c(8) | dis) i 
tenn en= tee coe oe rr | 
{ e(4) { F(12) | 


$e www ew pw w wow ow en mone =—+ 
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TAPM ~( Format = fscem Op Code = 10710cm Size = 32 bit) 


er a ae ase fe cm ee eee soe ae ee ee ee ee ee es 
Besa) loperation Jargument 

en ee ae ee 0 ee ten ee te a eae eo a ee ae ee ee ee ae aaa 
1 ]TAPM Imec 


c) Transfers the contents of consecutive [DU memory words 
as successive words on channel cs» The address of the first 
IQU word is specified by m and the number of words to be 
transferred is specified by (A). Termination occurs one of 
two ways: 


~ (A) = 0 or 

- channel becomes inactive; if this happens (A) contains 
the difference between the initial value and the actual 
number of words transferred. 


If the channel is initially inactive when the execution 
begins, no transfer takes place and (A) remains unchanged. 


DAM - (Format = fscm Op Code = 00730cm Size = 32 bit) 


he ee ee ae ee ae ee . $e www we wee we eee ee meme ~—— me 
label loperation argument 

$we we www en SE Se ee 
! {0AM Imsc 


Note, if a 12-bit external interface is used, bits 48-51 of 
the channel word is not transmitted and are tlost. tf an 
A-bit interface is used, bits 48-55 are not transmitted and 
are lost. 
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d) Transfers consecutive I0U memory words as bits 52-63 of 
successive words on channel c. During the transfer 
contents of 3 I10U) words result in 4 channel 
packing as above). Bits 48-51 of the 16~bit 
are cleared. The address for the first 
specified by m and the number of channel words 
is specified by (A). 


the 
words (same 
channel word 
I0u. word is 
transferred 
Termination. occurs one of two ways: 


- (A) = 0 or 
- channel is inactive; 
the difference 
words actually 


if this happens, (A) will contain 
of its initial value and the number. of 
transferred. 


If the channel Is 


initially inactive when execution begins, 
no transfer takes 


place and (A) remains unchanged. 


QAPM ~ (Format = fscem Op Code = 10730cm Size = 32 bit) 
fe ee oe ee ee eee ee ee ee re oe ae eam 
[label everetton pele eeaigias 
ee a ow oe ne ee ow ene ne eae te ee ee tee ee ae ee se ee ee a Oe ae ee ee ee 


8.5.8.4 ACNs DCN ~-_ ACTIVATEZDEACTIVATE 170 Channels 


a) Prepares channel c for I/0 transfer by setting the channe} 


active. If the channel is active, then the instruction 
will wait for the channel to become inactive before 
executing. 
ACN ~- (Format = fsc Op Code = 00740c Size = 16 bit) 
fume ewe ae eee ewe wn www een we eee ween ee 
Habel loperation Pecaueent 


b) Prepares channel c for I[/0 transfer by setting the channel 


active. The instruction will execute regardless to the 
active/inactive status of the channel]. 

ACN - (Format = fsc Op Code = 0074lc Size = 16 bit) 
poner ne ---- $a wer enn - fw ene we we nw on ewe wen ew een 
l¥abel joperation Jargument 
S aketetateateteteteed : cetedaeaiednetetenbecon few n enn wn an ee ewe nee ween nn 
| J ACN 140(B8) 4c 
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be AD ER A ee a ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee a a ee ee ee a 


c) Terminates 1/0 operations on channel c by setting the 
channel inactive. If the channel is inactive, the 
instruction will wait for the channel to become active 
before executing. 


DCN - (Format = Fse Op Code = 00750c Size = 16 bit) 


Fa a ww ae we ee ee os a ae ae we wee we mee a ane 20 a ea a ae ee ee a 
ITabet loperation largument 

peewee nnn fae wen enna o_o 
| [DCN Ic 


d) Terminates I/D operations on channel c by setting the 
channel inactive. The instruction will execute regardless 
of the active/inactive status of the channel. 


DCN - (Format = fse Op Code = 00751c Size = 16 bit) 


poe www ewe we . iadetentetentertenteaton | ateesteed entail ee ee eo Seed 
Habel loperation argument 

oe De ee as ee ae a so a ee 
{ | DCN iecciee 


Note, on both DCN instructions, if they are executed after 
an output instruction without waiting for the channel to 


become empty, the last channel word transferred may be 
lost. 


®.5.8.5 EAN, ENC -_ 1/0 Channel Eunctions 


a) Transfers bits 48-63 of (A) as a function code to channel 
ce If the channel is active, the instruction will wait for 
the channel to become inactive before executing. The 
content of A remains unchanged. 


FAN - (Format = fse Op Code = 00760c Size = 16 bit) 


+ _—- we ae = = wean i oe > 20 ae ee ae ae we oe ae > oe a a we ee oe ee oe ee ee ee ee ee ae = a “a a: 
label foperation Jargument 
+ TP a <a OP me ce a ae + 7 2» ne) on Ge 2 a ED + a on Oe on ee ee ee ee ee ee eS ee ee ee 
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b) Transfers bits 48-63 of (A) as a Function code to channe} 
Ce {tf the channel is active, the function is not 
transferred and the instruction exits. The content of A 
remains unchanged. 


FAN ~ (Format = fsc Op Code = 00761c Size = 16 bit) 


Se ao de me oe em ow ae er NOD 0 OE ND Ate A Ae eR A He ee soe sn ee te te ee 
|labe} operation J argument 
aw wn weno ee See fae we ew ne we ew eee nee eee -= 
{ [FAN 140(B)4c 


c) Transfers m as a function code to channel ce. If the 
channel is active, the instruction will wait For the 
channel to become inactive before executina. 


FNC - (Format = fFsem Op Code = 00770cm Size = 32 bit) 


pew en ewe ae = we ee eo ee ae ee oe ae a Gee ee tee ee ee ae ne ee Se OD ee DS OD ee ee ee ee ee ae 
Ilabel loperation | argument 

fon 22 ---- ~~ $e een ene ee ee 
j }TFNC Imsc 


gd) Transfers m as a function code to channel ce. If the 
channel is active, the function is not transferred and the 
instruction exits. 


FNC - (Format = fsem Op Code = 00771cm Size = 32 bit) 


pow we nn =e fone eee ee ae re ee ee ee eee = 
llabel loperation | argument 

pies ster eile Se $e ene menwe= $e ee ee ee eee oe 
! PFNC Im,40(8) 4c 


Note, if a 12-bit external interface is used on the channel} 
bits 48-51 of the function code wil! not be transferred and 
are lost. If an 8=bit interface is used, bits 48-55 of the 
function code m are not transmitted and are lost. 


e eens s » 


8.5.9 OTHER TDU INSTRUCTIONS 
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8.5.9.1 EXNe MXN, MAN ~ EXCHANGE JUMP Instructions 


These instructions provide for IQU programs to control the 
execution of the CPU in CYBER 170 state. 


Note, the d-field can be in the range of 0-7. The value of 
the d-field specifies which processor (CPU) the exchange jump 
will interrupt. 


a) Perform an unconditional exchange jump at the address 
specified by (R) + (A). This exchange package FWA address 
is verified against the DS Bounds Register and if the jump 
is into a prohibited region, the exchange will not occur. 


EXN ~ (Format = fd Op Code = 00260X Size = 16 bit) 


ee re oe ee --- 
label operation larqument 

$oene ne -- =~ $---=- oe penn en nnn 2 oe oe ee ee 
| TEXN 1d 


b) Performs a conditional exchange jump at the address 
specified by (RR) + (A). The exchange package FWA is 
verified against the OS Bounds Register and if the jump is 
in a prohibited reqion the exchange will not occure 
Otherwise, if the monitor flag is clear, the exchange jump 
is performed and the monitor flag is set. If the flag is 
set, no exchange jump occurs and the instruction becomes a 
PASS instruction. 


MXN ~ (Format = fd Op Code = 00261X Size = 16 bit) 


few ee enn -- ow wee nn aw fan ee ee ee wee wwe wwe e enn en 
Nabe} loperation jar gument 
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c) Performs a conditional exchange jump at the address 
specified by the CPU Monitor Address (MA) register. If the 
monitor flag is clear, the exchange jump is performed and 
the flag is set. If the flag is set, the exchange jump is 
not per formed and the instruction. becomes a PASS 
instruction. 


MAN ~ (Format = fd Qp Code = 00262X Size = 16 bit) 


fe me ne ee ee a ee ee ae en ce de 0 a ae ae se ate se sa Fe ee sw sae tm se se 
| label loperation f argument 

Sp ee ee oe ce ee ee pw ee we ee ee ee ee ee we 0 10 0 20 ee ee ee ee ee ee 
J [MAN id 


8.59.2 PSN = _PASS Instruction 
a) The PASS instructions performs no operation. 


PSN ~- (Format = fd Op Code = 002400 Size = 16 bit) 


, rn : ee tases seer e ese es See 
[label Joperation l argument 

oe oe Se oo 
i }PSN 100 


Note, if the long/short form of an instruction is used and 
there's no corresponding instruction defined, the 
instruction acts as a PASS instruction. An example is LDN, 
opcode = 0014. If 1014, which would be the tong form of 
the instruction and undefined, is used» the 1014 opcode 
acts as a PASS instruction. 


8.5.9.3 KPT _- KEYPOINT Instruction 
a) Executes as a PASS instruction but allows sensing of its 
execution by external monitoring equipment through a test 


KPT - (Format = fd Op Code = 0027d Size = 16 bit) 


fp me we ee oe hp ae ee ae ee ae ee ee a ee + eee Le ee ee eS ee an ee am ae 
flabel loperation largument 
a ee pow eww ew ee eee ww ewe ee meee ne 
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8.0 CYBER 180 ASSEMBLER SYMBOLIC I0U INSTRUCTIONS 
8.5070 4 ENPN = SNTERRUE TY PROCESSGR 


8.5.9.4 INPN_-_INTERRUPT PROCESSOR 
a) Transmits an interrupt signal for the CPU on memory 
port de This interrupt signal causes the External 


Interrupt bit to be set in the CPU Monitor Condition 
Register. <A serialization function Is performed before 
this instruction is executed, That is, execution Is 
delayed until all memory accesses on the part of the 
interrupted processor are complete. 


INPN ~ (Format = fd Op Code = 1026d Size = 16 bit) 


+ a 2 ee ee a ee ee + ap ie 40 4ae i ab ap we me ee oe 2a i ae ee a ee ee ee ee > a 1 a a a oe ee a ae = oe 
label loperation lar gument 
Ea ae ce an a ee cee ae mo am me oe a a ra ee man mm Se ee ee ee ee ee ee ee ee 
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CALLING THE ASSEMBLER 


The Assembler is called on NOS/VE with the command = name 
"ASSEMBLE® followed by parameters in the System Command 
Language format. All Assembler call parameters are optional. 
Parameters of the Assembler are: 


I INPUT=file 


INPUT specifies the file containing source statements 
that are to be assembled. If this parameter {s omitted 
the value SINPUT will be used. 


B BINARY_OBJECT=file 


BINARY_OBJECT specifies the file to receive the object 
text (binary) that is generated bu the assembler. if 
this parameter Is omitted the value LGO will be used. 


L LIST=file 


LIST specifies the file to receive the assembly listing. 
If this parameter is omitted the value $LIST will be 
used. 


E ERROR=file 


ERROR specifies the file to receive the listing of 
assembly errors. If this parameter is omitted the value 
SERRORS will be used. 


LO LIST_LOPTIONS=list of Ay Re Ss NONE 


LIST_OPTIONS specifies the content of the listing file. 
If S$ is included in the list, the source and generated 
code are listed. If A is included, the symbol 
attributes listing is included. If R is speciffieds the 
cross-reference is listed. If NONE is specifieds only 
errors wil} be listed. The default value is 5S. 


Cc CHECKS=boolean 


CHECKS specifies whether assembly checks are to be 
performed or omitted. Assembly checks are used with the 


A? 
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CPU instruction set to validate that the correct 
register type designators (A-reg or X-req) are used. If 
this parameter is omitted a value of TRUE will be used. 
STATUS=status variable 

STATUS specifies a status variable to receive the 
command's termination status. 


EXAMPLE: 


ASSEMBLE I=SOURCE B=BIN L=LISTING LO=(S,A,R) C=TRUE 
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APPENDIX 8 _-_NOTES_AND_ EXAMPLES 


PROGRAMMING NOTES 


Bl 


B6/10/17 
Revi F 


ae ee ee oe ee 


SD ND NE ON ED ED Re ee 


To fully understand the Cyber 180 Hardware instructions and 
thier parameters, one must first understand that the Cyber 180 


machine is designed to be Stack oriented. 


written 


for the Cyber 180 will be written in a Stack oriented higher 


level language {(CY8IL). However there will be some code 


that 


will have to be written in Assembly language (fe Hardware 
diagnostics). The following sections contain notes that will 


hopefully aid in writing Assembly language programs. 


REGISTER USAGE 


When writing in Assembly language, it 


is important to 


understand how the hardware works, especially register usage. 


The contents of the following registers are assumed to be as 


described by the hardware, and should not be overwritten. 


AO - Dynamic Space Pointer. 

Al - Current Stack Frame Pointer. 
A2 ~- Previous Save Areas 

A3 - Binding Section Pointer. 

A4 - Argument Pointer. 


GENERAL NOTES 


In addition to understanding the hardware, 
important to understand some things about the Assembler. 


also 


SECTIONS-SEGMENTS The relationship between the Assembler. 


concept of Sections and the Hardware concept 


Segments is 


similar, but differs in that two oor more sections may be 


loaded in the same Hardware Seqment when they have 


access permissions. 


same 


RELOCATABILITY OF CODE Even though code in sections is 


assembled as absolute, the sections can 
relocatable, and are accessed via pointers. 


MONOLITH PROGRAMS When mixing code and data 
section, it is important to use the ALIGN 


as 


in the same 
command when 


resuming to generate code. This will ensure that the code is 


generated on the proper boundary. 
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aides PRoeeen 
SAMPLE_ PROGRAM 
The following is a sample program available in the SES 


catalog. I 
CYBER 180 CPU Assembler and the CYBER 180 hardware. 


test 


» This program will pick up 
» and makes a copy of it in 
» is structured to use the default sections established by. 


ident 
def 


the Assembler, 


count 
num_move 


space 
use 


bss 
align 
bss2z 
space 
use 


align 
vfd,8*8 
space 
use 


address pemsg 
address p,temp 


space 
use 


space 
proc 
pname 
set 
pend 
space 


t ts 


entl 


B2 


intended to aid in the understanding of the 


esample program 
edefines the entry point 


an entry from the Literal section, 
the working section. The program 


and is executed using the C180 defaults. 


3 


working 


1 
0,3 


20(16) 


3 


working 


O,yf 


c'EXAMPLE 


3 


binding 


code 


num_movetic: (f2(2,0)) 


2 


The working section will get loaded ia 
segment with readtwrite permissions. 
«Put here to show effect of align. 
»Ensures word boundary. 

20(16) bytes(4 words) of temp storage 


»The WORKING section will be loaded 
into a segment with read permission. 

»Word boundary. 

' Test data to be moved 


»The Binding section is used by the 
hardware to store pointers which 
facilitate the binding of seqments. 
This section will be loaded into 
a segment with readtbind permissions. 

«Creates a pointer to MSG. 

»Creates a pointer to TEMP. 

Pointers are set up with segment numbr 
set to FFF, LINKER fills In this fiel. 
The location field will show an offsef 
word boundary + 2, because the 6 byteA 
is right justified in the 8 byte fiel. 


eThe Code section will be loaded into 
a segment with readtexecute permissio. 


«This proc will count the number of 
ebytes moved. 

«Add the number of bytes 
eend of procedure 
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entl align 0,8 «Entry point on a word boundary 
nummove set 0 eInitialize byte counter 
ente x0,33(16) Include X0-X3 and AO~-A3 when 
° Saving the environment. 
callrel move_msg,a32a4 .move a copy of msg to temp 
return 2End execution. 
« Move_msg will move data to working storage 
move_msq align 0,8 eEnsure word boundary. 
la a5,a3emsgipt eLoad into A5 the pointer to MSG. 
Ix x1,a5,0 sLoad data into Xl. 
Ja a5,a3,temp_pt 2A5 = pointer to storage area. 
SX x1,a5,0 «Store MSG. 
count msg »Update NUM_MOVE. 
return Return to caller 
end entl eEntl is transfer label 


SAMPLE EXECUTION 


The sample program in the previous section was executed as 
shown below: 


To be supplied later. 
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APPENDIX _C_ =-_ RESERVED WORDS 


The following words or categories have special meaning and 
can not be redefined in the user's program. 


Register identifiers (AOQ-AF, XO-XF) 
Section identifiers (binding, code, stack, working) 


Section types (Code, Bindings, Workings Common, Extwork, 
Extcom) | 


Attribute identifiers (Bind, Execute, Reads Write) 
Machine identifiers (C180CPU, C1BOIOQU) 

All pseudo and machine mnemonics. 

All symbols starting with the pound-sign character. 
Any symbol containing a colon. 


Special internal symbols(PADA, PADB, SECT, ASECT, ODSECT) 
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Error messages may appear either on the listings, and/or on 
the dayfile, depending on when the error is detected. 


LISTING ERRORS 


Message 
ALIAS NAME INVALID OR DUPLICATE 


SIGNIEICANCE 
The alias name has been defined as both an internal and 
external entry point. (ie. appearing on both a DEF or 
DEFG instruction and a REF instruction). 

ACTION 
An fnternal entry point must be unique. However, two 
external entry points can be aliased to the same 
linkage symbol]. : 


ALTIASED SYMBOL MUST BE REF DR DEF SYMBOL 


SIGNIFICANCE 
The label field of an atlias statement has not been 
defined in a DEF, DEFG, or REF pseudo instruction. 
ACTION 
Define the entry point to be aliased in a DEF, DEFG, or 
REF instruction. Note for a DEF or DEFG symbol, these 
values must be further defined as a relocatable symbol 
{symbol category = 6). 


ANAME SYMBOL REQUIRED FOR ATTRIBUTES REFERENCING 


SIGNIFICANCE 
Encountered an ATRIB statement where the user defined 
attribute name was not previously defined in an ANAME 
Statement. 


ACTION 
Define attribute name using the ANAME pseudo 
instruction. 


A~REG DESIGNATOR REQUIRED 
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SIGNIFICANCE 
An A register is required in instruction. 
ACTION 
Check register specifications for instruction in ERS. 


ARGUMENT SUBFIELO MUST BE SYMBOLIC NAME 


SIGNIEICANCE 
The argument field of the following pseudo instructions 
must be a symbol and cannot be an expression: ADDRESS, 
ALIAS, END. ERROR, FLAG, LOCAL, OPEN, REF, SECTION, 
SKIPTO, and TITLE. (An exception is the address type R 
on the ADDRESS instruction.) 

ACTION 
Check the ERS for definition of the argument field. 
Many of these instructions have pre-defined values for 
use in the argument field. 


BDP DESCRIPTOR ERROR 


a ae 
here's an error in either the source or destination 
ne descriptor within a BOP instruction. 
ACTION 
Check register specifications and descriptor 
limitations for instruction in ERS. 


BINDING ATTRIBUTE MUST BE BINDABLE OR NONBINDABLE 


SIGNIFICANCE 
The *bind' type in the argument field of the MACHINE 
pseudo instruction is not one of the pre-defined values 
BINDABLE or NONBINDABLE. 

ACTION : 
Check value in argument Field of the MACHINE pseudo 
instruction. 


CHARACTER STRING TOO LONG 


SIGNIEICANCE 
A character string cannot exceed one line, therefore is 
limited to 87 characters. 

ACTION 
Check for missing quote mark or shorten current string. 
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CMD STATEMENT ILLEGAL IN PROCEDURE DEFINITION 
AIGNIFICANCE 
A CMD Instruction is equivalent to a one statement 
procedure definition. Nested procedures are not 


allowed, therefore a CMD statement cannot be within a 
procedure definition. 

ACTION 
Take the CMD statement out of the procedure. Or 
redefine the CMD statement as a separate procedure and 
replace the CMD with a ‘procedure call’. 


DATA GENERATION IN STACK OR BINDING SECTION 


SIGNIEICANCE 
_ Data cannot be initialized in the STACK or BINDING 
sections at assembly time. {An exception is the 


binding section in which pointers can be initialized 
with the ADDRESS pseudo instruction.) 

ACTION 
Check the last USE statement which was encountered. 


DISPLACEMENT VALUE IS OUT-OF-RANGE 


SIGNIEICANCE 
The displacement value on a machine instruction 
overflows the length of the field desiqnated by the 
instruction. 

ACTION 
Check the ERS for the calculation of the address 
displacement to make sure the value can be represented 
by the number of bits allotted for the displacement 
(fe. for a 16 bit aQ-field with sian extension the 
value must be in the range: ~-7FfFF(16) < value < 
TFFFC(16) ). 


DIVISION BY ZERO ATTEMPTED 


SIGNIFICANCE 
While evaluating an expressions an attempt to divide by. 
zero was made. 

ACTION 
Check values in the divisor portion. 


ERROR STATEMENT = ‘character string’ 
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SIGNIEICANCE 
The. expression in the ERROR statement evaluated to true 
causing the string or symbol in the argument field to 
be printed in the object listing. Control is 
transferred conditionally on the presence of a label in 
the operation subfield. 

ACTION 
Check ERS for rules concerning the ERROR statement = and 
the transfer of control. 


EXPRESSION EVALUATION ERROR 


SIGNIEICANCE | 
While processing an expression, an arithmetic overflow 
or underflow has occurred. The following conditions 


will cause this error: 
= exceeding the following limits in integer 
arithmetic 
32 bit integer - -2(31) <= M C= 2731) - 1 
64 bit integer - -2(63) <= M ¢= 2(63) - 1 
~ exponent overflow and underflow are detected for 
all single precision, but only for the leftmost part 
of double precision. 
floating point absolute value - 5.2 * 10%*1232 
- for general 8DP instructions with data descriptors,» 
the source operand fields will be checked for 
overflow but the destination operand will not. 
- in BOP floating point instructions, if the capacity 
of desiqnated fields are exceeded such that 
Significant digits are lost. 
- an exception is the CALDF and EDIT instructions, no 
overflow conditions detected for these. 
ACTION 
Check values used in the expression evaluation. 


FIELD REFERENCE ERROR 


SIGNIFICANCE 
This error occured because some field in the source 
statement requires a symbolic name but an illegal field 
reference (ie. F> function) or list reference (ie. 
symbol{XJ]) was encountered. The value that either of 
these Functions represent is not a symbolic name. 
ACTION 
Check the fields in the source statement that require 
symbolic names (ie. tlabe!l fields, operation subfields 
as in the SKIPTO statement, etc.). One of the values 
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being referenced Is not defined to be a symbolic name. 


FIRST STATEMENT IS NOT IDENT 


SIGNIEICANCE 
The first source statement encountered bv the assembler 
was not an IDENT instruction. The only permissible 
source lines before the IDENT are comments. This is 
also true for multiple assembly moduless the only 
allowable source lines between the END and the IDENT 
are comments. 

ACTION: 
Delete those statements before the IDENT instruction. 


FLAG STATEMENT ERROR 


SIGNIFICANCE 
The FLAG statement was processed which conditionally 
sets an error flag. The two permissible error types 
are pre-defined as FATAL and WARNING. 

ACTION 
Processing of this statement does not affect other 
code. 


GENERATED CODE IS NOT *"B8INDABLE*® 


SIGNIEICANCE 
The relocation information generated with a CMD, VFD, 
INT,» or DINT statement does not correspond to the 
pre-defined values of the RCT or ADT fields of the 
Relocation attribute. Both the Relocation Container. 
Type and the Address Displacement Type are pre-defined 
and the relocation information must aqree with these 
attribute values. 

ACTION 
Check values on these data generating statements so as 
to make sure that all relocation information has the 
correct values, ie. one of those that is ore-defined. 


TLLEGAL ATTRIBUTE REFERENCE 


SICNIELCANCE 
When evaluating the argument of an attribute, either 
defined in an ANAME statement or an internal attribute 
{ie. #REGTYP), an illegal argument was encountered or 
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the argument was missing. This can also occur if a 


register specification in a symbolic machine 
instruction is incorrect. 
ACTION 


Check argument field of an attribute reference or check 
the ERS for correct register specifications for machine 
instructions. 


ILLEGAL CONTINUATION 


SIGNIFICANCE 
The card following a continuation card contained a 
non-blank character in column 1. This could also be a 
non-graphic character. 

ACTION 
Change the card following the continuation character to 
contain a blank in column 1. 


TLLEGAL EXPRESSION 


SIGNIFICANCE 
While evaluating an expression an illegal reference has 
been encountered by the assembler. This can be = an 


element number reference, an attribute reference, an 
intrinsic or user-defined function reference. 
ACTION 

Check the following conditions: 
- element number reference - using parenthesis 
rather than brackets or trying to access a list 
value of a symbol that is not a SET/EQU symbol, 
~- attribute reference - using parenthesis rather 
than brackets or having more than one argument, 
- intrinsic or user-defined function reference - 
using brackets rather than parenthesis or having no 
argument or a null argument field. 


ILLEGAL OR NON-GRAPHIC CHARACTER DETECTED 


SIGNIFICANCE 
An illegal or non-graphic character has been detected. 
Note that a single quote, which is not preceded by a 
symbolic character, will cause this error. 

ACTION 
The assembler accepts any graphic ASCI!I character in a 
comment or character string. Check the ERS under 
character set for the ASCII subset which the assembler 
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accepts as input. 


ILLEGAL STATEMENT IN FUNCTION EXPANSION 


SIGNIEICANCE | 
A function may not generate code or change location 
counters, if it is called form a statement which 
itself, generates code. This condition may occur in 
any of the following statements: ALIGN, 855, 855Z, INT, 
DINT, FLOAT, DFLDAT, PDEC, VFD or a CMD call statement. 
ACTION 
Change the function or the source statement from which 
it is called. 


INSUFFICIENT NUMBER DF ARGUMENTS 


SIGNIEICANCE 
In either a CMD or VFD statement, the number of 
elements in the value list is less than the number of 
elements in the length list. 

ACTION . 
Check the elements in the value list. Note that if the 
number of elements in the value list exceeds the number 
of elements in the length list no diagnostic occurs and 
any extra arguments are ignored. 


INTEGER OR REAL NUMBER CONVERSION ERROR 


SIGNIFICANCE 
The floating point number in the argument field of a 
FLOAT or DFLOAT pseudo instruction is an infinite or 
indefinite value. 

ACTION 
Limits on minimum and maximum values and exponents can 
be found in the CYBER 180 math library documents. 


INVALID ELEMENT NUMBER IDENTIFIER 


SIGNIFICANCE 
The element number being referenced has a value tless 
than 0. 

ACTION 
Check expression within the brackets which must be 
greater than or equal to 0. 
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INVALID LOCATION COUNTER DESIGNATOR 


ae 
he value X In $(X) did not evaluate to 0 or I. 
ACTION 
The value X can be an expression but this expression 
must evaluate to 0 for current byte offset or 1 for 
current bit offset. If no value is given the function 
defaults to 0. 


INVALID MACHINE TYPE 


SIGNIFICANCE 
The IDENT pseudo instruction is the first statement 
recognized by the assembler and it pre-defines the 
processor type due to the argument field. If this 
value does not correspond with the type on the MACHINE 
pseudo instruction this error will be produced. 
Otherwise, the type in the argument field is not one of 
the following pre-defined values, C1i80CPU or C18010U. 
ACTION 
Check the argument field of the IDENT and MACHINE 
pseudo instructions to Insure they correspond to the 
same processor type. 


INVALID SECTION ATTRIBUTES 


DIGNIEICANCE | 
The attributes defined on a SECTION statement are 
either not in the set of pre-defined attributes or 
there's an {fllegal expression in the definition of 
these segment access attributes. 

ACTION 
The pre-defined segment access attributes are? READ, 
WRITE, EXECUTE and BIND and the only operator permitted 
is the plus (+) operator. 


INVALID SECTION TYPE 


2IGNIFICANCE 
The section type used in the SECTION statement was not 
in the set of pre-defined types. Or the section type 
was CODE, BINDING or STACK and these are already 
defined by the assembler and cannot be redefined by the 
uUSEPLre 


ACTION 
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The section types available to the user are: WORKING, 
COMMON, EXTWORK and EXTCOM. 


INVALIO SYMBOL ERROR 


SIGNIFICANCE 
The symbol encountered was illegal because of one of 
the Following conditions: 
- the first character of the symbol does not begin 
with one of the legal alphabetic characters defined 
for the assembler. 
- there's a colon (2) somewhere in the symbol, 
- the symbol is in the list of the assembler’s 
reserved words ({ see Appendix C of the ERS ). 
ACTION 
Check symbol for illegal character or that it appears 
on the reserved word list. 


INVALID "TYPIe SUBFIELD IN ADDRESS STATEMENT 


SIGNIFICANCE 
The address type in the argument field of the ADDRESS 
instruction is not one of the pre-defined types. 

ACTION 
The address types for the ADDRESS instruction are 
defined as; P, C, Ci, CE, or R. 


LABEL NOY SYMBOLIC NAME 


SIGNIFICANCE 
The label field of one of the following statements does 
not contain a egal symbol: ALIAS, ANAME, ATRIBs CMD, 
00, WHILE, DEND, IDENT, SET or EQU. 

ACTION 
Check the label field on the source statement. 


MACHINE STATEMENT MUST PRECEDE CONDE GENERATION 


2LGNIEICANCE 
The MACHINE pseudo instruction did not precede a data 
generating statement. 

ACTION 
The MACHINE pseudo Instruction must appear before any 
statment which generates code. Also there can be only 
one MACHINE pseudo instruction between an IDENT and an 
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END assembly unit. 


MAXIMUM SEGMENT DFFSET EXCEEDED 


SIGNIEICANCE 
Code has been generated in a section that overflows the 
maximum offset allowed by the operation system. This 
vajlue is OFFFFFFFF(16). 
ACTION 
Check the section that currently is being used for code 
generation. 


MISSING CONT STATEMENT 


eee ee 
hile processing a procedure call or a DO/WHILE 
be nee of statements a SKIPTO was encountered with a 
name in it's argument field that did not appear before 
a PEND or DEND statement. This also occurs if the 
label on the ERROR statement does not appear. 


ACTION 
Check symbol names in arqument field of SKIPTO 
statement. 


MISSING DEND STATEMENT 


SIGNIFICANCE 
There's no matching DEND statement for a DO directive. 
An END or a PEND statement was encountered first. 
ACTION 
Include the DEND statement in assembly module. 


MISSING OPERATION FIELD 


SIGNIFICANCE 
There's a value in the label field of the source 
statement which has nothing following it. 

ACTION 
A null operation field is illegal. Check source 
statement for missing value. 


MISSING PEND STATEMENT 


SIGNIFICANCE 
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A PROC directive was encountered but no statement 
between this and the END statement contained PEND in 
the operation field. 

ACTION 
Include the PEND statement in the assembly module. 


NESTED PROCEDURE DEFINITION 


SIGNIFICANCE 
Encountered a PROC psuedo instruction between a 
PROC-PEND pair. 

ACTION 
Nested procedures are not allowed by the assembler. A 
PROC instruction must be followed by a PEND instruction 
before another PROC instruction can be processed. 


OFFSET ARGUMENT NOT ON REQUIRED BOUNDARY 


SIGNIEICANCE 
While processing one of the offset functions (ie. 
H#WOFF, AHOFF, #POFF, or #BOFF) the address of the 
argument does not fall on the appropriate boundary (Cie. 
for #AWOFF function the argument must be on ae word 
boundary). 

ACTION 
Check the address of the function argument. Sue the 
ALIGN statement before the arqument definition to 
assure the correct boundary. 


DPERAND MUST BE A REAL NUMBER 


SIGNIFICANCE 
An operand in the argument field of a FLOAT or DFLOAT 
pseudo instruction Is not a legal floating point 
number. 

ACTION 
Check the operands in argument field for legal floating 
pofnt numbers. Note, all floating point values must be 
decimal values. 


NPERAND TYPE INVALID 


2IGNIFICANCE 
The following pseudo instructions cause this error if 


the argument field is incorrect? 
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~- ERRDR - argument must be a legal symbol or = ascii 
strings 
- FLAG - argument field must be pre-defined symbols 
FATAL or WARNING, 
- INFOMSG ~ if there is an argument, it must be the 
symbol LISTON, 
- PDEC - the argument must be an ascii string with 
only the characters 0 ~- 9 or '#t/tot, The t#9st—e 
must be the Jast character in the string, 
ACTION 
Check the argument field for illegal value. 


OPERATION SUBFIELD NOT A SYMBOLIC NAME 


SIGNIFICANCE 
One of the following two conditions has occurred: 
- the operation field does not have a legal symbo! 
name in it» 
- or one of the following pseudo instructions does 
not have a legal symbol! name in it's arqument fields 
CLOSE, DEF, DEFG, LOCAL, OPEN or REF. 
ACTION 
Check the operation field or the argument fleld of the 
listed pseudo instructions. 


PNAME/FNAME STATEMENT MISSING 


SIGNIEICANCE 
There was no PNAME or FNAME pseudo instruction between 
a PROC/PEND pair. Or the PNAME/FNAME instruction was 
not the instruction immediately following the PROC 
instructions 

ACTION 
The PNAME/FNAME statements must be the First 
Instruction after the PRDC statement and there must be 
at least one PNAME/FNAME statement in a procedure 
defintion. 


PNAME/FNAME STATEMENT DUT~OF-SEQUENCE 


SIGNIEICANCE 
The PNAME/FNAME statement is not immediately following 
a PROC, FNAME, or another PNAME statement. 

ACTION 
The PNAME/FNAME pseudo Instructions are part of the 
procedure's heading along with the PRDC statement. No 
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other instruction can appear between ai PROC and 
PNAME/FNAME statement. 


RELOCATABLE SYMBOL REQUIRED (CATEGORY = 6) 


SIGNIFICANCE 
An ADDRESS, DEF or END pseudo instruction has a 
non-relocatable symbol (Cie. symbol has a symbo} 
category other than 6) in it's argument field. 

ACTION 
A relocatable term represents a location of some 
assembled code. These are defined in the label field 
of a data generating statement such as VFD, INT, DINT, 
FLOAT, OFLDAT, PDEC, B55, BSSZ5 ADDRESS», ORG, ALIGN or 
a call to a CMD instruction. The labels of the 
symbolic machine instructions will also have a_esymbol 
category equal to 6. 


REQUIRED OPERAND MISSING 


SIGNIFICANCE 
The argument field is blank on a pseudo instruction 
that is required to have an operand. 

ACTION 
The following pseudo instructions require a value to be 
present in the argument field: ADDRESS, ALIAS, BSS, 
BSSZ, CLOSE, DEF, DEFG, FLAG, LOCAL», INTs DINT, FLOAT» 
DFLOAT, OPEN, ORG, PDEC, POS, REF, SECTION, SKIPTO, 
TITLE, USE, VFD, and a call to a CMD statement. 


SECTION ALTIAS NAME INVALID 


SIGNIFICANCE 
The 'cid* field on the SECTION statement is either not 
a symbol or has been previously used as a ‘cid’. 

ACTION 
The 'cid' field fs optional but if it's not used it 
must contain a legal null subfield (ie. two commas). 
If the symbol has already been used, redefine one of 
the fields. 


SPECIFIED SECTION SIZE EXCEEDED 


SIGNIEICANCE 
The amount of code generated in the section exceeded 
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the amount given by the 'maxsizet field on the SECTION 


Statement. 

ACTION 
Check value for ‘maxsize* field on the SECTION 
Statement and increase this value as necessary. The 


maximum segment length is OFFFFFFFF(16). 


STATEMENT ILLEGAL IN TOU MODULE 


SIGNIEICANCE 
The ADDRESS, ALIAS, DEF, DEFG, INFOMSG, PDEC, DINT, 
FLOAT, DFLOAT, REF, SECTION, and USE pseudo 
instructions are [illegal in an I0U assembly module. 
ACTION 
Delete these statements from assembly module. 


STATEMENT IS VALID ONLY WITHIN A PROCEDURE 


SIGNIEICANCE 
The LOCAL pseudo instruction can only be used within a 
procedure definition (ie. between a PROC/PEND pair). 
ACTION 
The LOCAL pseudo Instruction is used to define symbols 
local to a= procedure. A PEND or an END statement 
terminates the symbols. 


STATEMENT LABEL [S NOT UNIQUE 


SIGNIEICANCE 
The symbol encountered in the label field has already 
been defined. Note that this can be a directive or 
procedure/function name. 

ACTION 
Redefine one of the symbols and change the references 
to the symbol. Note if a symbol appears in the label 
field of a pseudo instruction that does not require a 
label, the symbol is not considered defined. 


STATEMENT LABEL REQUIRED 


SIGNIFICANCE 
The label field of the source statement is blank. 
ACTION 
The following pseudo instructions require a label. 
field: ANAME, ATRIB, CMD, SET, EQU, PNAME, FNAME, = and 
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SECTION. 


SYMBOL CANNOT BE A LOCAL OR OPENED SYMBOL 


SIGNIFICANCE | 
The symbol in the argument field of a REF, DEF, or DEFG 
pseudo instruction is an ODPENed, LOCAL or implied local 
symbol that has not been closed. 
ACTION 
The symbol in the argument field of either a DEF, DEFG, 
-or REF statement must be a global symbol and cannot 
have appeared in a LOCAt or DPEN instruction.» It also 
cannot be an implied local symbol. 


SYMBOL MUST BE DECLARED REF OR DEF 


SIGNIELCANCE ; 
The symbol in the argument field of the END pseudo 
instruction has not been declared as an entry point. 
ACTION 
If the argument field contains a transfer address, the 
symbol must be declared as an entry point by appearing 
in either a DEF, DEFG, or REF pseudo instruction in the 
Same assembly module. 


SYNTAX ERROR 


SIGNIEICANCE 
The following conditions will cause this error: 

- an illegal character string such as missing or 
misplaced quote marks, 
~ an illegal number such as a digit larger than the 
base allows, a base value other than binary, octals 
decimal, or hexadecimal, an illegal character or a 
missing parenthesis, 
- an illegal floating point number which includes 
any base designator (ie. all floating point numbers 
are decimal), 
- expressions with mismatched parenthesis or illegal 
or missing operands. 


ACTION 
Check the ERS for the syntax of self-defining terms 
(fe. number values or character strings). Or check 


the expression in the source statement for illegal 
operands or missing operands. Note tha a blank or 
comma terminates an expression. 
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TOO MANY ARGUMENTS 


SIGNIEICANCE 
The argument field of the ALIAS statement contains more 
than one symbol. 

ACTION 
The ALIAS pseudo Instruction allows only one symbol in 
the argument field (ie. there can only be one linkage 
symbol aliased to an internal entry point). 


TOO MANY CHARACTERS IN SYMBOLIC NAME 


SIGNIEICANCE 
The symbol being processed has more than 31 characters 
in it. 

ACTION 
The maximum symbol length is 31 characters, redefine 
symbol to be less than 31 characters. 


TOO MANY STATEMENT LABELS 


SIGNIFICANCE 
The instruction encountered can have only one symbol in 
the label field. 

ACTION 
If the instruction is one of the following statements. 
only one symbol in the label field is allowed: ALIAS, 
IDENT, PNAME, FNAME or a code generating statement 
which has the symbol category 6 ( this includes the 
symbolic machine instructions). 


8TRALARBEL™ FIELD INVALID 


SIGNIFICANCE 
In an I10U module, the ‘'tralabel* field of the END 
pseudo instruction is not blank. 

ACTION 
The ‘tralabel’® field of the END instruction is invalid 
in an IDU module and must be blank. 


TRUNCATION ERROR 
SIGNIFICANCE 


The value that Is being put into a field specified by a 
CMD or VFD statement must be truncated to fit. 
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ACTION 
This message is turned on by the value 1 in the 
argument field of the TRUNC pseudo instruction. If no 
TRUNC instruction has been processed in the assembly 
module the value defaults to zeroe Check the TRUNC 
statement in the ERS to see what constitutes loss of 
Siqnificance. 


UNDEFINED DPERATION SUBFIELD 


SIGNIEICANCE 
The symbol! in the operation field is not a pseudo 
instruction, symbolic machine instruction, an intrinsic 
or user-defined function (ie. appeared on a FNAME 
statement), a procedure definition (ie. appeared on a 
PNAME statement) or appeared on a CMD statement. 

ACTION 
Check the symbol in the operation field for a valid 
symbol that Is either a pre-defined instruction or 
function or is a user-defined procedure or function. 


UNDEFINED SYMBOLIC NAME *"symbolic_name" 


SIGNIEICANCE 
This error occurs when trying to evaluate an expression 
or function where one of the operands or argument is 
undefined, It also occurs when a REF, DEF or DEFG 
symbol has not appeared as a label for a code 
generating statement. 

ACTION 
Symbol defintion occurs when a symbol appears in the 
label field of a Statement ( CPU, I0U or pseudo 
instruction) unless the label field is ignored or used 
for some other purpose. 


VALUE DUT-DF-RANGE 


SIGNIEICANCE 
The following conditions will cause this error: 
~- ANAME - argument field < 0 
- BSS/BSSZ - argument Field < 0 
- CMD/VFD - value in the length field < 0 
- SET/EQU symbol - element number < 0 
- LIST - argument field is incorrect value (check 
ERS for legal value 
- INT/DINT - argument field must be in the following 
range? 
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CPU ~ ~7FFFFFFF(16) < M < VFFFFFFF(16) - 
TOU - -7FFF(16) < M ¢ 7FFF(16) 
~ ORG - CPU - argument field < 0 or > OFFFFFFFF(16) 
-~ [0U ~ arqument field ¢ loadladdress (from 
IDENT statement) or > OFFF(16) 
- DO/WHILE - argument field < 0 
- SECTION - the offset, alignment, or maxsize values 
are ¢ 0 or > OFFFFFFFF (16) 
~ SKIPTO - F2(1,1) < 0 
~- PAGE - argument field < 0 
~ TRUNC - argument field does not equal 0 or 1. 
ACTION 
Check ERS for each pseudo instruction for the _ legal 
values. 


X“REGISTER DESIGNATOR 


SIGNIFICANCE 
An X-register is required in the instruction. 
ACTION 
Check register specifications for instruction in ERS. 
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REF i 


INSTRUCTION 


Rm mM Dm em ae a a 


LBYTSss 
LBYT,X0 
LBYTP >» j 
LXI 


SBYTSs5s 


MULRQ 


{ 
+ 
i 
| 
! 
i 
I 
| 
| 
| 
| 
I 
{ 
1 
| 
{ 
{ 
| 
| 
| 
| 
{ 
! 
| 
| 
] 
| 
I 
| 
i 
| 
1 
| 
| 
i 
I 
| 


OPERANDS 


XkoAj Xi,D 

Xk» AjsXisD 

Kk, Q* 
AksAjyXislabel* 
XkyA jslabel= 
Xk»AfxrQeXO 

Xk »Aj,Q 
AksAjeXisD 


—AKsAG,Q 


XksAjeXieD 
XkyAjoXieD 
XksAj»slabel* 


1 Xk pA 92QsX0 


XkyAjeQ 
AksAJsXinD 
AksA js 


Xk Xj 
Xk 9 Xj 
Xk 9X jx 
Xk 9XJ2Q 
Xko j 
Kk» j 


Xk Xj 


Xk» X j 


Xk oj 
Xk oj 


Xk Xj 
XkeX i 
Xk 9X j2d 
Xk »K42Q 


JOPCODE 


AD A ED ER ED A A Ne ee em a ee ee a ee ee Gp me 0 ee se co ee ne ee ae 
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DA UE UE ED A ED AD ND A ID A FOE SD EN A AE A A RE I 2 OD A A ED A A A A A OA ee A A a 


REF #] INSTRUCTION | OPERANDS {NPCNODE 
sae we ee nae ee fee ee ae a ae ee ee a eo Oe a ee ee ae ee ee ee a a me eo fw ee ee 
025 1 DIVX 1 XkyXj 1 27 
034 { DIVR 1 XkeXj i 23 
| | I 
035 | CMPX | X1sX j»Xk F 20 
036 | CMPR | X1sX j»sXk 1 2c 
| { | 
049 | CPYXX 1 Xk Xj } oop 
053 | CPYRR 1 XkXj } oc 
050 | CPYAX J XksAj } o8 
051 | CPYAA [ Ak sAj 1} 09 
052 | CPYXA 1 AkyXj } 1A 
054 | ADDAQ | Ak»AfsQ { 8E 
055 | ADDPXO | AksXjslabel* | 8F 
056 | ADDAX | AkyXj f 2A 
161 | ADDAD | AksAisD, j 1 AT 
| i I 
057 | ENTP 1 Xkefj 1 30 
058 | ENTN 1 Xks fj {| 36 
059 | ENTE 1 Xk5Q 1 8d 
060 | ENTL 1] XO» jk {| 3F 
061 {| ENTZ | Xk { iF 
| ENTS | { 
1 ENTS | ! 
164 | ENTX 1 X1, jk 1 39 
165 | ENTC 1 X1, jka 1 87 
169 | ENTA 1 XO, jka 1 83 
1 | 1 
065 | TORX { Xk,Xj 1 18 
066 | XORX 1 Xk Xj { 19 
067 | ANDX 1 XkeXj 1 1A 
068 ! NOTX 1 Xk Xj 1 18 
069 | INHX 1 XkoXj { ic 
970 | ISOM [1 XkyXi,D, j** 1 ac 
071 | ISOB 1 XkyXfoXisd 1 AD 
072 | INSB 1 XkeXfeXi,D ! AE 
145 | MARK 1 XkeXlsj 1E 
| 1 
097 | CNIF 1 XksXj 1 3A 
098 | CNFI 1 XkXj ! 38 
099 | ADDF { XkeXj } 30 
100 | SUBF 1 XkeXj } 31 
103 | MULF 1 XkyXj { 32 
104 | DIVF 1 Xk Xj } 33 
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REF #{ INSTRUCTION | GPERANDS 1OPCODE 
eee ln nn ee ee eee 
114 | CMPF 1 X19X js Xk } 3c 
105 {| ADDD 1 XkeXj |} 34 
106 | SUBD 1 Xk yXj ! 35 
107 | MULD 1 XkeXj 1 36 
108 {| DIVO 1 Xk Xj 1 37 
| | 1 
062 | SHFC 1 XkeXjoXisd 1 AB 
063 |] SHFX { XkyXfeXi,D | AY 
064 | SHER | XkeXj,Xi,Dd J AA 
| | | 
037 | BRXEQ |! XjeXk,label* | 94 
033 | BRXNE | XjsXk,label* tf 95 
039 | BRXGT | Xj»Xk, label® 1 996 
040 | BRXGE { Xj»Xk,label* {| 97 
041 | BRREQ | XjeXk,y label 1 90 
042 | BRRNE {| Xj»sXk,label* ! 91 
043 | BRRGT 1 XjeXk, label* 1 92 
044 | BRRGE 1 XjeXk»label* 93 
| | 
109 | BRFEQ | XjsXk,label* 1 98 
110 | BRFNE | XjeXk, label* 1 939 
111 | BRFGT 1 XjeXk» label i 9A 
112 { BRFGE 1] XjeXk,label* 1 9B 
113 | BROVR | Xkslabel= | 9 
1 BRUND | 1 
{ BRINE { 1 
| ! 1 
045 | BRINC | XjeXk,label* 1! 9C 
046 | BRSEG {| X1,Aj,Ak, label 1 9D 
047 | BRREL } Xk 1 2€ 
048 | SRDIR | Aj»Xk 1 2F 
134 ] BRCR 1 jek, label* | 9F 
1 | | 
115 | CALLSEG | label*,Aj,Ak 1 B5 
116 | CALLREL | label*,Aj,Ak i 80 
117 | RETURN 1 jk** 1 04 
118 } POP [ jk** | 06 
120 | EXCHANGE { jk** } 02 
121 {| HALT }  jk** 1 00 
122 {| INTRUPT { Xk,» fre 03 
| 1 
124 | LBSET | Xk»yAj,XO ! 14 
125 | CMPXA ] XkKeAjeXO,label* ! BS 
126 | TPAGE 1 XksAj | 16 
127 | LPAGE 1 Xk »XjeX1 1 17 
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REF #1 INSTRUCTION 
ao 0 ae 00 ee ae 
130 | CPYSX 
131 | CPYXS 
132 |] CPYTX 
136 | KEYPOINT 
138 | PURGE 
139 | EXECUTE,s 
| 
074 | ADDN,AJ,X0 
156 | ADDI,Xi,D 
1 
096 | CALDF,Ajf,X0 
084 | CMPB,Aj,X0 
O85 | CMPC,AJ,x0 
083 | CMPN»A 52 XO 
155 { CMPI,Xi,D 
! 
O77 | DIVN,Ag,X0 
091 | EDIT,Aj,XO0 
| 
oB9 | MOVB,A jy XO 
154 | MDOVI,XiI,D 
092 | MOVN,Aj,X0 
O76 | MULN,AG,XO 
| 
078 } SCLN,AG, XO 
O86 | SCNB yA 5, XO 
| 
075 | SUBN,Aj,XO 
C88 | TRANB,AJ,X0 
NOIE_1: 
NOTE 13 
NOTE 22 


Descriptor. 


ss gdh laheode SUMMARY 
OPERANDS 

Xk 9X j 

Xk Xj 

Xk yXj 

jaXks® 

X jvk 

Joksi,D 

Ak ,X1 SD 2D 

AkyX1»j DD 

Xk sAi 2D SD 

Ak sX1 SD OD 

AksX1,Ai,D Sp DD 

Ak,X1 SD BD 

Ak aXlsi DD 

Ak,X1 SD DD 

AksX1,Ai,D SD DD 

Ak,Xl SD DD 

AksX1,j DD 

Ak,X1 SD DD 

Ak,X1 5) DD 

AksX1,Xi,0 SD DD 

Ak sX1lsXi»D SD DD 

AksX1,Ai,D DO 

Ak,X1 SD DD 

Ak sX1,Ai9D SD OD 


[OPCQODE 


1 a a a ae te a a a 


*-This field will be modified by the Assembler. 
a%-Parameter can optionally be left blank. 


SD and DD are Source Descriptor and Destination 
They both have the format F,T,L,0. 
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LI_ASSEMBLER DIFFERENCES VERSUS _€I_ ASSEMBLER: 


A conversion program is provided to convert CI CPU source 


programs to If CPU source programs. Language differences 
which can be converted are indicated by a "*" fn the list. 


2 


3e 


10. 
11. 


12. 


13. 


ct 


+ 


i 


SUMMARY of CI -> II CPU Assembler Differences 

II version uses 64-bit integer precision in evaluating 
operands and performing arithmetic and logical! 
operations. 
Multiple source statements per line are not allowed. 


All symbol] names may be 31 characters maximum length 
(versus 8 for the CI Assembler). 


MACHINE pseudo instruction type will identify CPU or 
IQU assembly type and corresponding object text 
generation. 

IDENT statement will have operands for IDU module. 
ADVF pseudo instruction is not valid in II Assembler. 


CYBIL data notation is used for numeric data. 


Certain pseudo instructions are limited to the CPU 
Assembler. 


Mnemonics that reserve storage (like 855, INT, etc.) 
reserve bytes in a CPU module and words in an ITQU 
module. 

EBCDIC constants not available in II Assembler. 


XTEXT pseudo instruction not available. 


Element number of symbol! referenced as stn] in II 
Assembler versus s(n) in CI Assembler. 


tl Assembler scans to column 88 versus 72 for CI 
Assembler. 
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16. 


17. 


18. 


19. 


20.4 


% 


hy 


Il Assembler requires first statement input to be IDENT 
and if a statement follows END then it must be IDENT. 


GEN statements are combined with VFD statements in II 
Assembler. 


Byte alignment is not performed for CMD or YFD 
statements in II Assembler. 


Oniy byte alignment is performed for INT, DINTs FLOATs 
and DFLOAT statements In a CPU module. 


LITERALS are not supported by Il Assembler. Also not 
supported are the LITORG statement and literal function 
(L2). 


The object code listing format statement (OJC) is not 
supported by the II Assembler. Listing format of the 
tI Assembler is hexadecimal. 


Real numbers (FLOAT & DFLOAT statements) must have a 
decimal point in II Assembler. 
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CPU Instruction Directory 


LBYTS - (Format 
OO1) « » 
SBYTS - (Format 
003) . * 
LXT (Format = 
LX - (Format j 
SXI ~ (Format = 
SX - (Format = j 
LBYT - (Format = 
SBYT - {Format 
LBYTP - (Format 
LBIT - {Format 
SBIT - (Format 
LAI - (Format 
LA ~ (Format = j 
SAI - (Format 
SA ~ (Format 
LMULT - 
SMULT - 


—_ 


roomed 


we 


= 


eit 


- 
— 


aa 
(Format 
so 
ADDK - iForeak = 
ADDXQ - (Format 
INCX ~- (Format 
SUBX - (Format 
DECX ~- (Format 
MULX - (Format 
MULXO - (Format 
DIVX - {Format 
ADDR - (Format 
ADDRQ - (Format 
INCR - (Format 
SUBR - (Format 
DECR - (Format 
MULR - (Format 
MULRQ - (Format 
DIVR - {Format 
CMPX - (Format 
CMPR - (Format 
BRXEQ (Format 
BRXNE {Format 
BRXGT {Format 
BRXGE {Format 
BRREQ (Format 
BRRNE (Format 
BRRGT (Format 
BRRGE (Format 
BRINC (Format 
BRSEG {Format 
BRREL (Format 
BRDIR {Format 


iow vow 


wou 


ton oh & 


a 


= SjkiD Op Code 


® 2s s » 2 s 


jkiD Dp Code 
kQ Op Code 
jkiD Op Code 
k92 Dp Code 
jkid Op Code 
jkiD Op Code 
jk Op Code 


e 


— 
—_ 


- 
— 


jkQ Op Code ; 


jkQ Op Code 


jkiD Op Code | 
84 Ref # 


—_ 
— 


kQ Op Code 
jkiDd Op Code 
k® Op Code 
jkQ Op Code 
yk Op Code 
jk Op Code = 
jk& Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jkQ Op Code 
jk Op Code 
jk Op Code 
4k& Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jk Op Code 
jk Dp Code 
jk@ 
jkQ 
jkaQ 
jkQ 
jkQ 
jk@ 
jkQ 
jkQ 
jkQ 
jkQ Code 
jk Op Code 
jk Op Code 
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Hou OH it 
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—_ 
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s asa2s% » = » s » s 2 * ad » 2 * > * 2» * 2 a » * 7719 
CPYXX = (Format = jk Gp Code = OD Ref# = 049) 4. 2 « 7219 
CPYAX ~- (Format = jk Op Code = 0B Ref# = 050) . . - 7-19 
CPYAA - (Format = jk Op Code = 09 Ref# = 051) 2. . 2 7-20 
CPYXA - (Format = jk Op Code = OA Ref# = 052) 2. 2 » 7-20 
CPYRR - (Format = jk Op Code = OC Ref# = 053) . « 7-20 
s ee ee 2 2 * 2 2 » * id * * » » » * » » ® » 2» 2 7-20 
ADDAQ - (Format = jk® Dp Code = BE Ref# = 054) . .» 7-21 
ADDPXQ - (Format = jkQ Op Code = 8F Ref# = 055) .. 7-21 
ADDAX ~- (Format = jk Op Code = 2A Ref# = 056) . 2. « 7-21 
ADDAD - (Format = jkiD Op Code = A7 Ref# = 161). . 7~22 

seen e o 8 8 2» » » * 9 29 © @ & ® . 2 @ @ 7-22 
ENTP a (Format = jk Op Code = 3D Ref# = 057) os 8 7722 
ENTN - (Format = jk Op Code = 3& Ref# = 058) . « » 7-22 
ENTE - (Format = jkQ Op Code = 8D Ref# = 059) . « « 7-23 
ENTL - (Format = jk Op Code = 3F Ref# = 060) . « « 7-23 
ENTX - (Format = jk Op Code = 39 Ref# = 164) 4. 2 « 7723 
ENTZ - (Format = jk Dp Code = 1F Ref# = 061) « « » 7724 
ENTO ~ (Format = jk Op Code = 1F Ref# = 061) «2 « » 7724 
ENTS ~ (Format = jk Op Code = IF Ref# = 061) 2. « « 7-24 
ENTC - (Format = jkQ Op Code = 87 Ref # = 165) 2. « « 71-24 
ENTA ~- (Format = jkQ Op Code = B3 Ref# = 169). .4 » 7-25 
2 os 2202 » » cd ®. * id * * * a s 2 cd 2 = s * 2 2 2 7-25 
SHFC - (Format = jkiD Op Code = A8 Ref# = 062) «4 « 7-26 
SHFX - (Format = jkiD Op Code = AY Ref# = 063) .. 7726 
SHFR - (Format = jkid Op Code = AA Ref# = 064) .4 .» 7726 
2 a2 3 22 2 * 2 * * » * 2 2 » sd 2 2 » 2 2 2 s 2 7-26 
IORX - (Format = jk Op Code = 18 Ref# = 065) 2° 2 2 7-27 
XORX - (Format = jk Op Code = 19 Ref # = 066) . 2 « E oars f 
ANDX ~ (Format = jk Op Code = 1A Ref# = 067) «4 -» 1-27 
NOTX - (Format = jk Op Code = 18 Ref# = 068) .. « 7-28 
INHX - (Format = jk Op Code = 1C Ref# = 069) 2. «6 « %7°28 
* 22282328 * » s » 2 2 » ® a » ® 2 » * s E 2 . 2 al 7728 
ISOM - (Format = jkid Op Code = AC Ref# = 070) .4. 77-29 
1808 - (Format = jkiD Op Code = AD Ref# = O71) .. 7-29 
INSB - {Format = jkiD Op Code = AE Ref# = 072) . » 7730 
MARK - (Format = jfk Op Code = 1E Ref# = 145) 2. 2 » 7732 
2 a@e0998 2 = 2 . * a 2 2 5 * s ] » * 2 2 2 s ° . 7732 
ADDON - {Format = jk2 Op Code = 70 Ref# = 075) 2. «6 « 7-40 
SUBN - (Format = jk2 Op Code = 71 Ref# = O75) «2 « « 7741 
MULN - (Format = jk2 Op Code = 72 Ref# = 076) .. .» 7-41 
BDIVN - (Format = jk2 Op Code = 73 Ref# = O77) . «. » 7-41 
SCLN - (Format = jkiO2 Op Code = E4 Ref # = O78) . « 7-43 
SCLR - (Format = jkid2 Op Code = E5 Ref# = 079)... 7-43 
MOVN - (Format = jk2 Op Code = 75 Ref# = 092) .. - 77-44 
CMPN - (Format = jk2 Op Code = 74 Ref# = 083) 2. « « 7744 
e e028 83 8 » * * » » ° * 2 * * » ® » 2 ® ® s 2 ed 2 7745 
CMPB - (Format = jk2 Op Code = 77 Ref# = 084) . 2. 2 7-45 
CMPC - (Format = jkiD2 Op Code = E9 Ref# = 085) .. 7-45 
SCNB - (Format = jkiDl Op Code = F3 Ref# = 086) .. 7-46 
TRANB - (Format = jkiO02 Op Code = EB Ref# = 088) . 7747 
MOV8 - (Format = jk2 Op Code = 76 Ref# = 089) 2. 2 « 7748 
EDIT - (Format = jkiD2 Op Code = ED Ref# = 091) ° 7-48 
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MOVI - (Format = jkiDl Op Code = F9 Ref# = 154). . 7-49 
CMPI ~ (Format = jkiDl Op Code = FA Ref # = 155). . 7-50 
ADDI - (Format = jkiD1l Op Code = FB Ref# = 156) . .« 7°52 
e202 @ 2 2 s 2 * * 2 2 ® cd cd . ad ® ? 2 nm J * » 7752 
CNIF - (Format = jk Op Code = 3A Ref# = 097) 2. « » 7-57 
CNFI - (Format = jk Op Code = 38 Ref# = 098) . .« »« 7-58 
ADDF - (Format = jk Op Code = 30 Ref# = 099) 2. . « 7-58 
SUBF - (Format = jk Op Code = 31 Ref# = 100) .. » 7-58 
MULF - (Format = jk Dp Code = 32 Ref# = 103) 2. « » 7-59 
DIVF - (Format = jk Op Code = 33 Ref# = 104) «2 « » 7-59 
ADDD - (Format = jk Op Code = 34 Ref# = 105) « «6 « 7759 
SUBD - (Format = jk Op Code = 35 Ref# = 106) 2. « » 7-60 
MULD - (Format = jk Op Code = 36 Ref# = 107) . « « 7-60 
DIVD - (Format = jk Op Code = 37 Ref# = 108) « « « 7-60 
aenes2 2 * » 2 » a * = » 2 2 * * id 2 ® » » 2 » 7760 
BRFEQ - {Format = jkQ Op Code = 98 Ref# = 109) . « 7761. 
BRFNE - (Format = jkQ Op Code = 99 Ref# = 110). . 7-62 
BRFGT - (Format = jkQ Op Code = 9A Ref# = 111) . » 7-62 
BRFGE - (Format = jkQ Op Code = 9B Ref# = 112) . . 7-62 
BROVR - (Format = jkQ Op Code = 9E Ref# = 113) . « 77-63 
BRUND ~- (Format = jkQ Op Code = 9E Ref# = 113) . .» 7-63 
BRINF - (Format = jkQ Op Code = 9E Ref# = 113) «6 7-63 
CMPF - (Format = jk Op Code = 3C Ref# = 114) 2. «6 » 7-63 
2 ses 08 > 2 # * © 8 ®@ © &© © 8 © © &@ &8® 8 & @ 7-63 
EXECUTE ~- (Format = Sjkid Op Code = CO-C7 Ref# = 
139) .2« © =e es ss we woo we we we wee wD ew 7764 
HALT - (Format = jk Op Code = 00 Ref# = 121) 2. » 71-64 
CALLSEG - (Format = jkQ Op Code = 85 Ref# = 115). 7-65 
CALLREL - (Format = jkQ Op Code = 80 Ref# = 116) . 7-66 
RETURN - (Format = jk Op Code = 04 Ref# = 117) 4. » 7-67 
POP ~- (Format = jk Op Code = 06 Ref# = 118) 2 « « « 7-6T 
EXCHANGE - (Format = jk Op Code = 02 Ref# = 120) . 77-68 
KEYPOINT - (Format = jk® Op Code = B81 Ref# = 136) . 7-69 
CMPXA - (Format = jkQ Op Code = B4 Ref# = 125) 2. « 7-69 
LBSET - (Format = jk Op Code = 14 Ref # = 124) 2. « « 7-70 
TPAGE ~ (Format = jk Op Code = 16 Ref# = 126) « « « 7-70 
CPYTX - (Format = jk Dp Code = 08 Ref# = 132) . «2 « 7-71 
as e8@#2 88 » * 2 » 2 2 2 * 2 » s ® ® dl 2 e ° 2 2 2 7-71 
L PAGE - {Format = jk Op Code = 17 Ref# = 127) . 2 -» T-T2 
INTRUPT ~- (Format = jk Op Code = 03 Ref# = 122) .. 7-73 
BRCR - (Format = jkQ Op Code = 9F Ref # = 134) 2... 7-74 
CPYSX - (Format = jk Op Code = OF Ref# = 130) 2. « « 7-75 
CPYXS - (Format = jk Gp Code = OF Ref# = 131) 2 « » 7-76 
PURGE - (Format = jk Op Code = 05 Ref# = 138) . 2. « 7-76 
2 Se ee | ® Ld 2 s 2 » 2s » * e » » 2 2 » » 2 ® * 2 7-77 
ADDXV - ( Format = jkid Op Code = 44 Ref# = 172) . 7-78 
SUBXVY - ( Format = jkiD Op Code = 45 Ref# = 173) . 7-79 
CMPEQV - ( Format = jkiD Op Code = 50 Ref# = 176) . 7-80 
CMPLTV - ( Format = jkiD Op Code = 51 Ref# = 177) . 7-80 
CMPGEV - ( Format = jkiD Op Code = 52 Ref# = 178). 7-80 
CMPNEV - ( Format = jkiD Op Code = 53 Ref# = 179) . 7-80 
SHFV - { Format = jkiD Op Code = 4D Ref# = 180). . 7-81 
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I0U Instruction Directory. 

LJM - (Format = fdm Op Code = 0001ldm Size = 32 

bit) .« «© » = © s 8 ©» © © © 0©' 28 « 8» 8 © © © «@ 8-5 
RJM - (Format = fdm Op Code = 0002dm Size = 32 

Bt) se: eS eS Re ee a OS Se eS B~5 
UJN - (Format = fd Op Code = 0003d Size = 16 bit) . B~-6 
ZJN - (Format = fd Op Code = 0004d Size = 16 bit) . B-6 
NJN - (Format = fd Op Code = 0005d Size = 16 bit) . B-6 
PJN - (Format = fd Op Code = 0006d Size = 16 bit). 8-6 
MJN ~ (Format = fd Op Code = 0007d Size = 16 bit) . 8-7 
* 929 @ 228 £® ss » # #* 8s # 2* 2#® #® #® # #® # #® # ® #* # *® 8~7 
SHN - {Format = fd Dp Code = 0010d Size = 16 bit). B-7 
= #8 8 82S £=* es t+ *® 2 *#® # 2#® &® 8® @ #® # 2 # # 9 * DB *@ 8-7 
LON ~- (Format = fd Op Code = 0014d Size = 16 bit). 8-8 
LCN - (Format = fd Op Code = 0015d Size = 16 bit) . 8-8 
LOC - (Format = fdm Op Code = 0020dm Size = 32 

bit) .« ©«©§ «© ss» «se ss e sees ow we we ee 8-8 
LOD - (Format = Fd Op Code = 0030d Size = 16 bit) . 8-8 
LDOL - {Format = fd Op Code = 1030d Size = 16 bit) B-9 
STD - (Format = fd Op Code = 0034d Size = 16 bit). B-9 
STDL - (Format = fd Op Code = 1034d Size = 16 bit) B-9 
LDI - (Format = fd Op Code = 0040d Size = 16 bit) . 8-9 


LDOIL - (Format = fd Op Code = 1040d Size = 16 bit) 8-10 
STI - (Format = fd Op Code = 0044d Size = 16 bit) . B-10 


STIL - (Format = fd Op Code = 1044d Size = 16 bit) 8-10 
LOM - (Format = fdm Op Code = 0050dm Size = 32 
bit) 2 2 * » > 2 ss 8 @ 8-11 


LDOML - (Format = fdm Op Code = 1050dm Size = 32 
bit) 2 s 2 = 2 = s 2 * > od a s a 2 ® 
ST™™ - (Format = fdm Op Code = 0054dm Size = 32 


bit) 2s ad * 2 2 2 s 2 e s s » 2 s * 2 2s 2 » » » B-11 
STML - (Format = fdm Op Code = 1054dm Size = 32 
453 oe: 26 ae eee ew ee ae ke. ee Cs SS 8-11 
.) #ses 08 ® 2 . 2 2 » 2 s 2 2 2 2» » °° 2 es 2 . 2 > 8-11 
ADN - (Format = fd Op Code = 0016d Size = 16 bit). a-12 
ADC - (Format = fdm Op Code = 0021dm Size = 32 
bit) 2 2 ® 2 s » » a 2 e 2 2 2 » 2 ® a 2 ® ® » B-12 
S8N - (Format = fd Op Code = 0017d Size = 16 bit). B-12 
ADD ~ (Format = fd Op Code = O031d Size = 16 bit). 8-12 
ADDL - (Format = fd Op Code = 1031d Size = 16 bit) B-13 


SBD - (Format = fd Op Code = 0032d Size = 16 bit). 8-13 
SBDL - (Format = fd Op Code = 1032d Size = 16 bit) 8-13 
ADI ~ (Format = fd Op Code = 0041d Size = 16 bit) . 8-13 
ADIL - (Format = fd Op Code = 1041d Size = 16 bit) 8-14 
SBI ~- (Format = fd Op Code = 0042d Size = 16 bit) . 8-14 


SBIL - (Format = fd Op Code = 1042d Size = 16 bit) B-14 
ADM - (Format = fdm Op Code = 005l1dm Size = 32 

bit) .«.e« «© s ses ss es 2 e ss eo wo eo wo we Oo B-15 
ADML - (Format = fdm Op Code = 105ldm Size = 32 

bit) »« « » >» °@ eo 08 8 * © 8-15 


SBM - (Format = fdm Op Code = 0052dm Size = 32 


bit) .« «© «© © =» s © © © 2» © © © © © © © @ 8 8 8-15 
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SBML - (Format = fdm Op Code = 1052dm Size = 32 
bit) . . 2 8-16 
° 8-16 


16 bit) . 8-16 
= 32 


LMN - (Format = 
LMC - (Format = 
bit) 2. « « 
LPN - {Format = 
LPC - (Format = 
bit) 2s «© «# 
SCN - (Format = 
LMD - (Format = fd Op Code 
LMDL - (Format = fd Op Code = 1033d Size = 16 bit) 8-18 
LPDL - {Format = fd Op Code = 1022d Size = 16 bit) 8-18 
LMI ~- (Format = fd Op Code = 0043d Size = 16 bit) . B-19 
LMIL ~- (Format = fd Dp Code = 1043d Size = 16 bit) 8-19 
LPIL - (Format = fd Op Code = 1023d Size = 16 bit) 8-19 
LMM - (Format = fdm Op Code = 0053dm Size = 32 
bit) > © 2» ® &8® © © © © © ©» © © 29 © © @ 89 &© @ @& B-20 
LMML - (Format = fdm Op Code = 1053dm Size = 32 
bit) 2s 8+ 2 © 2 #8 @ &© ©» © © © © 8 #@ &@ © &@ 8&8 @& @ 38-20 
LPML - (Format = Fdm Op Code = 1024dm Size = 32 


d Op Code = 00114 Size 
dm Dp Code = 0023dm Size 


» 
» 


. . 2 8 * P > * » *® @ B-16 


f 
Ff 
fd Op Code = 0012d Size = 16 bit) . 8-17 
£ 
f 
¥ 


e ° » * : 2 2 » *® #8 B-17 
d Op Code = “9013 Size = 16 bit). B-17 


0033d Size 16 bit) . B-18 


bit) 7 8© © ®» © @ &@ © © © ® © 2@ &@ @ &© © 8© &#© & @ 8-21 
sen 2 > 2« 2*© # © # #* © &© # @ 2 » 8-21 
RAD - (Format = fd Op Code = 0035d Size = Ts bit) 8-21 
RADL ~- (Format = fd Op Code = 1035d Size = 16 bit) B-22 
AOD - (Format = fd Op Code = G036d Size = 16 bit). 8-22 
ADDL - (Format = Fd Op Code = 1036d Size = 16 bit). B-22 
$O0D - (Format = fd Dp Code = 0037d Size = 16 bit). B-22 
SODL - (Format = fd Op Code = 1037d Size = 16 bit) 8-23 
RAI - (Format = fd Dp Code = 0045d Size = 16 bit). 8-23 
RAIL - (Format = Fd Op Code = 1045d Size = 16 bit) 8-23 
AOI - (Format = fd Op Code = 0046d Size = 16 bit). B- 23 
ADIL ~- (Format = fd Op Code = 1046d Size = 16 bit) B-24 
SOT - (Format = fd Op Code = 0047d Size = 16 bit) . 8-24 
SOIL ~ (Format = fd Op Code = 1047d Size = 16 bit) 8-24 

RAM - (Format = fdm Op Code = 0055dm Size = 32 
bit) *s © 2# 8 28» © © © © #©@ © ®2 8 © &#© &®8 © © # & *& B- 25 

RAML - (Format = fdm Op Code = 1055dm Size = 32 
DYE). ee Wwe ee a Rs SE a. es OS ee ee aS B-25 


ADM - (Format = fdm Op Code = 0056dm Size = 32 
bit) * 2 © © © © © © @ ©» © © 8 © © © © © & @ ® B-25 
ADML - (Format = fdm Op Code = 1056dm Size = 32 
bit) J » ® ® » ® » » » * » * * ® s » » * bd 
SOM - (Format = fdm Op Code = 0057dm Size = 32 
bit) > 2 2 © © @ &© © © © © © © © © © © &© © © @ B-26 
SOML - (Format = fdm Op Code = 1057dm Size = 32 


2 @ 8-26 


bit) * * iad * 2 e * * » 2 » @ 2 » »s » 2 ® 2 * » 8-26 
se 2.8 98 2 dl » » iad ® s ad e s s 2» 2 » ® » 2 2 2 s 8-26 
LRD - (Format = Fd Op Code = 0024d Size = 16 bit). 8-28 
SRD - (Format = fd Dp Code = 0025d Size = 16 bit) . 8-28 
CRD - (Format = fd Op Code = 0060d Size = 16 bit). 8-30 


CROL - (Format = Fd Op Code = 1060d Size = 16 bit) 8-31 
CWD - (Format = fd Op Code = 0062d Size = 16 bit) . 8-31 
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CHDL - (Format = fd Op Code = 1062d Size = 16 bit) 8-31 
CRM - {Format = fdm Dp Code = 006ldm Size = 32 | 
BEE). oe od ca, ew: es a Ae oe em Ss “aS > OS B-32 
CRML ~- (Format = fdm Op Code = 1061dm Size = 32 
EYEE): : oie ce se a We ae a . “R  O S 8-32 
CWM - (Format = fdm Op Code = 00463dm Size = 32 
fea y's 6 ee me Ss el a Ge, eS ok ce: ae is ae ee a eS B-32 
CWML ~- (Format = fdm Op Code = 1063dm Size = 32 
DET) 4. ee. oe oS See. ERS a we Be ee eee 8-33 
RDOSL - (Format = fd Op Code = 1000d Size = 16 bit) 8-33 
ROCL - (Format = fd Op Code = 1001d Size = 16 bit) B-34 
2 eaa98288 2 .s 2. »#» 8» # * &® #&# &® @ © &# © # 2 ® 8 *@ B~-34 
AJM - (Format = fsem Op Code = 00640cm Size = 32 
Dit) | aes eo a Wee ee Sa a ws a a SS. a R-34 
SCF - (Format = fscm Op Code = 00641cm Size = 32 
Bit). ww Se et SO) ooo ee ee ee SS 8-35 
FSJM - (Format = fscem Op Code = 1064Xcm Size = 32 
DAE see Me a Se, Se a a ce ee) a ea ES ee 8-35 
TJM - (Format = fscem Op Code = 00650cm Size = 32 
BAP. ce a ae ee ee ee a Ss ee eo 8-35 
FCM ~- (Format = Fsem Op Code = 1065Xcm Size = 32 
OTE 3: we. Se: es ee a ew: OR B~-35 
FIM - (Format = fscm Op Code = 00660cm Size = 32 
Bis. see BS tke ee es We se a a a eS 8-356 
EJM - (Format = fFsem Op Code = 00670cm Size = 32 
BiG?” “Ge tec we ee a “i ee a Se ee Se He, B-36 
SFM - (Format = fscm Op Code = 0066lcm Size = 32 
DiC, we. BS. Wi te” St Ser we oa a a Se ee SS Se ee OS SS B-36 
CFM - (Format = fscem Op Code = 0067Icm Size = 32 
Beit ta ee 3d: Me ee Ge, Be See a i we <a B-36 
CCF - (Format = fsem Op Code = 0065icm Size = 32 
DVS) 6) ig - Se SB ei ae Gwe aie Oe BOS ee Boat ee & B-37 
IAN - (Format = fsc Op Code = 00700c Size = 16 
PE: ee . Be ao te ak RE i ee A a ee ae a et, 8-37 
IAN - (Format = fsc Op Code = O0701lc Size = 16 
PRES a ee a ee i ae a i a a a as ee a ae B-37 
DAN ~- (Format = fFsec Op Code = 00720c Size = 16 
Hit) -o- a ae oS eS AO Be a oO aces aS SB 8-38 
OAN - (Format = fsc Op Code = O00721c Size = 16 
EAD) . aes See Sere Ses Se Se ee we ae Sa SS B-38 
TAM - {Format = fscem Op Code = 00710cm Size = 32 
BRED: <6 & Se cee es “, Gi ee SS Se Se Oe B-38 
IAPM -(Format = fscm Op Code = 10710cm Size = 32 
BPED > WS. er we ee eR ae eee a Se ca B-41 
CAM ~ (Format = fsem Op Code = 00730cm Size = 32 
DED). (66> S B's: et ae a. We a HS “Se we we 8-41 
BDAPM - (Format = fsem Op Code = 10730cm Size = 32 
COE ce Se ae) ae ae. ee a wt St a a - el et  e e 8-42 
ACN - (Format = fse Op Code = 00740c Size = 16 
Ay a a a eee a ae aa a 8-42 
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